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TiORHESTRIAL MAGNETISM—A consistent theory of the 
origin of the Earth’s magnetic field ‘ L. A. Baver, Dopaitment 
of Terrestnal Magnetism, Camegic Instituf lonof WashingJ on 

Vanmih investigations by well-known physicists have estab- 
lislied tbe fact that electricity is an essential and possibly the only 
constituent of matter Negative electrons can be obtained from 
piactically any foim of matter, by heating, by the ludion ot ultra- 
Molet light, by chemical means, and perhaps also by the applica¬ 
tion of suitable mechanical forces, they are thus proved to be a 
universal constituent of matter Matter clectricallv neutral is 
supposed to contain equal amounts of positive and negative elec¬ 
tricity We may regard the Earth as a great rcnservoir of elec¬ 
tricity, the two opposite total charges being apparently vcrynearlv 
balanced If it turns out that owing to some cause the oiu' kind 
of elemental charge is, on the average, farther from the center of 
the Earth than the opposite kind, then because of this dilTcicnce 
in distance and of the rotation of the charges with the Earth 
there will result a magnetic field perhaps ot sufficient strength, to 
be detected by magnetic observations on the surface of the Earth 
Sutherland (1900-’03)* probably first advanced the idea that 
the Earth’s magnetic field may be caused by the rotation with the 
Earth of two opposite and equal electnc charges distribute<l tliru 
the Earth and supposed to be contained within two concentric 
spheres whose radii differ by an amount which he found to be of 
the order of the radius of an ordinary molecule Previously, 
however, Schuster (1891 and 1892) and Lord Kelvin (1892) had 

^ PiCHonted boforo tho Philosophical Scx.iety of Waahingluii, Docembor 7, 1Q12, 
for fuller publication see Terrostnal ^ 

■ Hutherlanji, WiUiSun, Terrest^^ Magnetism, first in vol 5, IfiOO. p 73, and 
Inter, in impro\ed form, in vol ^ 1903, p 49; see also same journal, \ol 9, p 
167 and 18, p 155 
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BAUER ORIGIN OF THE EABTH’b IfAONBTIC FIELD 

rained the question as to whether the magnetism of the Earth and 
celestial bodies, in general, may not be connected in some manner 
with the fact of their rotation.* J. J. Thomson had also pointed 
out in 1894^ that if atoms possess a specific attractioil for the two 
electricities—attractmg one kmd shghtly more than the other— 
then a large rotating body ought to produce a magnetic field 

Sutherland’s hypothesis avoids the difficulties pointed out by 
Rowland* in 1870 as also some of those advanced m connection 
with other theories. Unfortunately, however, it thus far admits 
of no conclusive proof, chiefly for the reason that it leads to an 
expression for the magnetic potential precisely the same, as far as 
effects on or above the Earth’s surface are concerned, whether 
the magnetic field be due to an elemental magnet at the center of 
the Earth, or to a uniformly magnetized sphere, or to an appro¬ 
priate system of electric currents imbedded m the Earth, or to a 
rotating electrically charged sphere such as Sutherland supposed, 
or to a combination of these causes Mathematically the mag¬ 
netic fields ascribed to these vanous, distinct causes can not be 
differentiated from one another 

If the supposed electneal distribution really exists within the 
Earth, then it may be that, because of gravitational force, or of 
some other central force, the elemental charges tend to arrange 
themselves so that the “center of gravity” of one kind of elec¬ 
trical charge is, on the average, shghtly nearer the Earth’s center 
than that of the other kind, or, still better, so that the mean 
volume density of the positive body charge is slightly different 
from that of the negative. This being assumed, it seems rational 
to inquire whether, during the Earth’s rotation there may occur 
some alteration in the mean densities of the opposite charges or 
in the radial separation, or in both, to be attributed perhaps to 
some action of the Earth’s centrifugal force. Though the ques- 

* The reader doBinng to faznihanse himnolf with the diffloultiea attaching to 

tho chief hypotheses advanced is advised to read the following suggestive papers 
Schuster, A , A ontical ejcaminatioQ of the possible causes of terrestrud nuignet- 
ism, Proc Phys Boc London, M:pt III, p 127, and Swann, W F. G , The Earth's 
magnetic field, Phil Mag , fti. 80 1912 

* Thomson, J J , On the eteotnoity of dropi, Phil Mag, [A], IT: 158 1904. 

■ Rowland, Physioal papers, p 182, Johns Hopkins Press, E^tunore, 1902 
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tion has been raised whether electrons can be acted upon by a 
mechanical force, such as centrifugal force, it has not yet been 
experimentally settled in the laboratory, probably because of lack 
of required sensibihty of the instrumental appliances used, and 
because of the limitations set upon the size and speed of rotation 
of the body which can be experimented upon * Possibly in the 
case of the Earth we have a body of sufficient size and angular 
velocity to obtain appreciable effects 

The rotation of the supposed electric charges with the Earth, if 
distributed symmetrically about the Earth’s center as Sutherland 
premised, will result, as already pointed out, simply in produemg 
the so-called “umform magnetic field” whose equivalent mtensity 
of magnetization per umt of volume is constant thruout the 
Earth’s interior, this, however, we know not to be the ease The 
hope of revealing the cause of the Earth’s magnetic field appar¬ 
ently centers in the discovery of the cause which makes the actual 
held depart from the uniform or simple type Hence, the key¬ 
note of our hne of xnveahgahon u the study of the vanahone —in this 
particular instance the geographical variations of the character¬ 
istic constants defining the Earth’s magnetic field 

The most important fact of terrestrial magnetism at this junc¬ 
ture is one which I found in 1901,^ viz, that “the value of the 
magnetic moment is a maximum for the equatorial belt, and de¬ 
creases steadily in both hemispheres with departure from the 
belt.” This law may be formulated mathematically thus* Let 
X be the component of the Earth’s total magnetic intensity 
directed along a meridian, positive northward, and Z be the ver¬ 
tical component directed positive downwards, if £>be the magnetic 

*Of Nirhols, K V , Die Moglichkeit einoi durch ^enlrifuRale Boaohlounigunic 
erieuKten elektromotor^chen Kraft Phys Zh 7 Jhrg No 18, pp 640-642 
Lebedew, P , Ueber dio magnetiBche Ferawirkung rotierender Korper, Ann, d 
Phys 1012, No 14, 840-848 (TIiib was thin bnlliant inveetigator’s last work, he 
having died before the appearance of hut paper He examined whether the Earth's 
total magnetic field could be referred to offerts attnbutablo to centrifugal action 
and suppoecd that the negative electron would be the one shoved outwards by 
centrifugal action He tested the question experimentally but reached no dofinito 
results for the reasons already stated above ) 

* Terr Mag , 6 22 1001 and later investigations in same journal, 17 85 1012 
and pp 115-118 
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decimation, I, the dip, and H, the horizontal intensity, then X » 
H cos D, and Z *‘H tan I Obtain X and Z with the aid of mag¬ 
netic charts at equidistant points along parallels of latitude, say 
every 10° apart in longitude, thus there will be 36 values of X and 
of Z for each parallel covered by the charts, 60 N to 60 8, from 
which the average values Xa and Z. for each parallel may be 
obtained By operating with the average values we eliminate 
the piortion of the Earth's magnetic field asymmetneal about the 
axis of rotation and if we, furthermore, combine the values for 
corresponding parallels N and S, the asymmetneal portion about 
the equator is also eliminated. The values of X, and Z. filially 
obtained apply then only to the portion of the Earth’s magnetic 
field synunetncal about both the axis of rotation and the equator, 
they will be found given below as denved with the aid of all 
the magnetic charts at present available (Sabme’s for 1840-45, 
Creak’s 1880, and Neumayer’s 1886) 


VaI.DIS or IRE KBCTANOLLAB MaONBTIC CoMFONBNTa Yb and Zt AND or TRD Chabac- 
TERIBTIC Fl NOTIONS, IV C (5 8 UNITS FOR APPRO\n(ATli.LY TUB YCAR IMO 
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* Obtained arapbically with the aid of ralues 6* N and S 
t Weight i 

In whatever manner the magnetic field here considered may 
have originated, we may wnte 

sintt Z,-2/,(u) costi (1) 

where ti la the colatitude of the parallel considered and /, (u) 
ft (u) are functions of ti, termed the '‘charaoteriatio functions,” 
as they contain the secrets of the origm of the field. Thus for 
a simple uniform magnetic field (i.e, one for which the magnetic 
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force within the sphere is constant in amount and in direction, 
parallel to axis of rotation m the present instance), /. (u) — 
/.(u) ■■ I■■ constant throughout the Earth, /i bemg the equi- * 
valent intensity of magnetisation per luut of volume. Tlie 
observed values of the characteristic functions as derived with the 
aid of (1) are given in the third and fourth columns of the table. 
It IS seen that not only are the two functions not equal to each 
other for the same parallel, but, what is more important, in both 
instances the values mcrease systematically towards the equator 
The equivalent value of /i is found to be, m C. G. S umts, about 
0.070 for parallel 60° and 0 082 for the equator, showing an 
increase of about 17 per cent—certainly an appreciable quantity. 
The law of mcrease m the values of the characteristic functions 
furnishes a definite criterion for testing the validity or sufficiency 
of theories of the Earth’s magnetism, when applied, it is found 
that none of the theones thus far advanced account for the equa¬ 
torial mcrease m intensity of magnetization, some in fact giving 
instead a decrease. The hypothesis that the increased magneti¬ 
zation may be due to mcreased strength of that which produces 
the primary field—be it increased actual magnetization or 
increased strength of electric current or of rotating charges—at 
once occurs to one’s mind, and a first examination ^ows that 
it IS an effect siinilar to that probably to be expected if attribut¬ 
able to the Earth’s centnfugal force * 

It IS not possible here to give all the mathematical stepsmvolvcd; 
suffice it to say that the analysis at present has been made for 
possible potential systems both below and above the Earth’s 
surface, which by their combination may be considered to pro¬ 
duce the magnetic field observed on the Earth’s surface Instead 
of supposmg a spherical distribution of the two opposite body 
char^, as did Sutherland, we have taken a spheroidal distribu¬ 
tion owing to the supposed action of the Earth’s centrifugal 
force. The expansion has been earned thus far to include the 
fifth degree zonal harmomc. The differences between the 
observed values of the rectangular components and of the 
characteristic functions and the computed values, resulting from 
the analysis, will be found in the above table. 

• Terr Meg. IT: 188. 1912. 
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It IS found that in order to accord with the most obvious fact 
—that the north-seeking end of the magnetic needle dips in 
'the Northern Hemisphere— the negative elemental chargee tnUnn 
the Earth must, on the average, he thefarthei away from the Earth’e 
center, i c., be distnbuted thru a slightly larger sphere than the 
one supposed to contain the positive charges For the portion 
of the Earth’s magnetic field supposed to arise from the rotation 
with the Earth of the electnc charges in the atmosphere, the 
chief fact of observation is that the north-seekmg end of the 
magnetic needle points above the honzon in the Northern Hem¬ 
isphere To comply with this fact, it is found that, on the average, 
the negaht'e elemental charges in the atmosphere must also he the 
farther away from the Earth’s center than are the positive ones 

That the same kind of electnc distnbution suffices to produce 
both the Earth’s internal and external magnetic systems is con¬ 
sidered one of the chief gains Thcones, heretofore, have cither 
stopped with a consideration of the internal system alone or 
have involved contrary or independent hypotheses for both sys¬ 
tems Thus, if the systems are referred to electnc currents for 
the mtenial system, then the currents would have to pass around 
the Earth from east to west, hence contrary to the Earth’s rota¬ 
tion, where^, for the external system, they would have to go 
from west to east, hence in the same direction as that of rotation. 

Taking the average atomic weight of the Earth’s substance, 
in round numbers as 50, it is found that, if the radu of the two 
spheres supposed imtially to contain the opposite and equal body 
charges of the Earth differ by only 0 4 X 10"* cm, i e, by about 
four-tenths of the radius of an ordinary molecule, a magnetic 
field of the required strength results m the manner supposed.* 
The corresponding quantity for the effects ascribed m this paper 
to the supposed action of the Earth’s centrifugal force is on the 
order of 0 01 X 10~* cm The present adalysis resolves the so- 
called Gaussian constants, generally regarded as the elements or 
ultimate constants of the Earth’s magnetic field, into physically 
interpretable constituents. 

* The energy neoenary to remove a negative electron from an atom indioatoe 
that the positive and negative chargee are about apart in the atom and 

that the moleculee may be regarded ae having a defimte volume of radiue of about 
KT’* cm H A Wileon Structure of Atoms, Science, N 8 SS: Sll, 1912 
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Were there time, some further interesting deductions might 
be given, as also some results of a preliminary study of the asym¬ 
metrical portions of the Earth’s magnetic field, not considered in 
this paper. In conclusion, let it be emphasized that no claim 
18 made that the only possible mechamcal description of the 
phenomena has been given. It is quite possible to icplacc the 
fundamental concept by some other, however, there still remains 
to be found some adequate explanation for the disturbance 
effects studied in this paper and provisionally referred to the 
Earth’s centrifugal action The mam purpose of the investiga¬ 
tion IS to discover a working hypothesis for guidance in the mag¬ 
netic operations at present in progress, and to obtain clues as to 
any possible additional data which may be required beyond 
those usually obtained in magnetic surveys 

PHYSICS A mtcroppromeier Gbori.k K Bitr(,ess, Bureau 
of Standards 

Some time ago, a method was described' suitable for the lapid 
estimation of the melting pomts of minute specimens- - as fine 
as 0.001 mgm or less A microscope and an optical pyrometer 
were sighted through a wmdow of mica, or of plate glaas in ease 
of melts in vacuo, simultaneously on an enclosed metallic stiip 
such as platinum, heated electrically and upon wluch was placed 
the specimen to be melted 

Evidently this apparatus may he simplified by combining 
microscope and pyrometer into a single mstrumenl, thus pei nut¬ 
ting a single observer to watch the melting and measuic its tem¬ 
perature This IS effected by mounting within the Huyghens 
eye-piece of an ordinary microscope a small incandescent lamp, 
which IS in series with a rheostat and ammeter The tip of the 
filament of the lamp is set to the same bnglitness as the platinum 
strip viewed from above at the instant of melting of the metallic 
or other specimen on which the nucroscope is focussed The eye 
of the ob^rver therefore sees the specimen, the platinum strip 
and the lamp filament all in focus at once and the current thru the 

‘ BurgeM, Q K , Melting points of the iron group elements by s new radinticn 
method B^letin Bureau of Standards, 8. 345 1007 
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lamp is taken as a measure of the temperature of the strip as in 
the Morse or Holbom-Kurlbaum pyrometer. In practice, the 
observer with one band raises the temperature of the platinum 
strip by mcreasmg the electric current thru it by means of a fine- 
step rheostat and with the other hand adjusts the rheostat in the 
pjrrometor circuit so as to contmuously match m brightness the 
lamp filament and platinum strip The eye-piece is funushed 
with a piece of monochromatic gloss such as Jena red filter no. 
F 4.512 For temperatures above which the lamp should not be 
burned, say 1400°C., an absorption glass is placed between the 
microscope objective and furnace wmdow. The inside of the 
metallic container or furnace should be blackened to prevent 
undesirable reflections of hght from the walls. 

The cahbration of the pyrometer as sighted upon the platinum 
strip m the furnace may be made m two ways. The first, which 
was the only method available when the earher form of thw 
apparatus was brought out, due to the dearth of well known 
fbied points ih the temperature range studied, consists m cah- 
brating the pyrometer in the customary manner and then apply¬ 
ing the corrections at the temperatures of melting, for the emis- 
sivity of platinum, furnace atmosphere and window, and for the 
surface tension of the melting specimens when necessary 

The second method, which appears to be the more accurate and 
also mure convenient, consists m observing the lamp currents at 
the known melting pomts of two or more pure substances such 
as gold, mckel, cobalt and palladium, and from the equation 
expressing the relation between temperature and current m lamp, 
the temperature of melting of any specimen may be computed. 
For not too great temperature mtervals, the equation log c • 
a -f- & log f may be used which pennits cdibration with two fixed 
points only. 

This second method of cahbration has the further advantage 
that, for materials of cqiproxiinately the same general properties, 
the error of method is eliminated. Thus in the case of metals 
which alloy with platmum, the effects of alloying conductivity 
and of surface tension enter into the oalilmtbn as well as into the 
determination of the unknown mdt^ point, so that any ou^ 
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standing error will be but a residual one In the case of substances 
of dissimilar properties such as salts and metals, this apparatus 
must be used with caution, for, in general, a cahbratinn made m 
terms of the metal melting points, for example, will not serve for 
the exact determination of the melting points of salts 
The precision of the method is dependent mainly upon the 
character of the melting of the substances observed With metals 
such as gold and nickel, which melt very sharply, a precision of 
1® or 2® C. 18 obtainable. 



Fig 1 A Mieropyrometer 


The apparatus as constructed at the Bureau of Standards, 
largely from suggestions due to Messrs Crowe and Foote of thb 
Bureau, is shown in figure 1; in which L is the pyrometer lamp, B 
the monochromatic glass, A the absorption glass, P theplatmum 
strip carrying the specunen, C the furnace window, B an air 
blast for cooling the furnace The microscope has a Bausch and 
Lomb 48 mm. single achromatic lens and 0 4 X eye-piece and gives 
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sufficiently good definition and magnification, and a large enough 
held of view for melting point observations. The workmg dis¬ 
tance of the objective may be mcreased, if desired, by the device 
employed by liobin’ of inserting a biconcave lens at D slightly 
back of the focus of the objective. This necessitates lengthening 
considerably the draw tube and reduces the area sighted upon. 

The micropyrometer may, of course, be used for the estimation 
of temperatures of mcandescent surfaces sunultaneously with 
their examination, and thus becomes a useful instrument in metal- 
lographie and microchemical and physical mvestigations at high 
temperatures 

The apparatus is being used at the Bureau of Standards for 
the determination of mcltmg points and emissivities of the re¬ 
fractory elements and alloys, and the author will be (^ad to 
receive pure samples (a few hundredths milligram), par^cularly 
of the rarer elements for such determinations. 

PfIYSK 'S -~^he constants of spectral radiaixon of a uniformly _ 
heated enclonre or so-called black body. W. W. Codlentz, 
To appear in The Bulletm of the Bureau of Standards 

In previous communications (Physical Review, 1910 and 1911) 
accounts wcie given of the progress made m the investigation of 
the coiihtants imolvcd in the formulas, proposed by Wien and 
by Planck, fur expressing the partition of energy m the spectrum 
of a so-called black body 

In view of the fact that the great mass of theoretical specula¬ 
tions seemed entirely out of proportion to the slender experi¬ 
mental data upon which they were baaed, it seemed desirable 
to obtain an extensive senes of observations under all sorts of 
conditions, leaving the exact computation of the results imtil the 
very last, and then computing all the data on a uniform basis. 
From the begmnmg of the work, four years ago, attention was 
called to the fact that the Wien equation does not fit the 
observed spectral energy curves, and in later communications, 
the computations were made on the basis of the Planck equa- 

* F Robin, Mioroaeope S longue port4e, otc Bull de Is Sooi^tS d*Eacoureg»- 
mentllS 204 1012. 
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tion, introducing all the known correction factors which can 
effect the observed spectral energy curves These factors are 
(1) corrections for the selective reflection of the silver mirrors, 
the fluorite pnsm, and the fluoiite window which covers the 
vacuum bolometer, and (2) the corrections for the vanation in 
reflecting power with angle of incidence upon the silver mirrors 
and upon the fluonte pnsm. 

In the isothermal spectral energy curves the position, X-..,- of 
the maximum emission, E^, is computed by taking the wave¬ 
lengths, Xi and Xi corresponding to equal emissivities Ei Et, 
on the assumption that the obsei ved energy curve fits the Planck 
equation 

£x = r',X-“(e"A’’-l)-’ (1) 

from which follows • 

( 2 ) 

^ a(logXs-logX,)XiXa _ Xi Xa [log (1 -e-s/Xir )_ log (i 
(Xf — Xi) log e a* (X* — X|) loj^e 

The second teim m this equation can usually be abbreviated 
since terms mvolvmg Xi are usually negligible For values of 
Xs which are leas than about 4(t the term log (1 —may be 
expanded into a senes and (by dropping all terms but the first) 
may be used in the form — jog e. 

In this equation « =< 5, a‘ = 4 OOfil and c* = a’X,„T. For 
computing the second term correction factors to X,,, the value of 
Ct = 14,500 was used However a variation of 100 units in 
(p g» c» “ 14,600) would change the mean value of X„«, by 
only 0 0005 g, which is neghgible 
For computing the constant r* from an iso hromatic energy 
curve, at any wave-length, X, Planck’s equation is used m the 
following form. 

, _(loKE,-logEi)\TiT, (e-''AT.-e-"/XT.)xr,7’, 
iog.(r.-7y- r.-r. 

where Et and Et refer to the emismvities corresponding to the 
temperatures Ti and Tt respectively. In this equation the terms 
log (I -e-Vxri^ ^ eigiand^ mto a series and only the 
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first term (1 — log e, etc) is used. As in equation (2) an 

approxiinate value of cj 14,500 is used m applying the second 
term correction For wave-lengths up to 1 /i this correction term 
is small being only 2 1 and 4 8 for temperatures intervals (7i— Ti) 
of 363“ and 623“, respectively, when using Ti = 1450®C. How¬ 
ever these corrections increase very rapidly with ivave-length 
beyond 1 m so that at 2 m, with the same temperature intervals 
just mentioned, the second term corrections to the values of Ct 
amount to 168 and 227 respectively. 

As already stated, it was deemed of greater importance to 
obtain experimental data than to spend the time discussing the 
bearmg of the data at band upon existing theories. From the 
data now at hand, this procedure seems amply justified. More 
than*180 isothermal energy curves have been obtained, and by 
actual count 76 to 80 per cent of the reliable sets of these curves 
are found to fit the Planck equation, within the expenmental 
errors of observations The numencal values of the constants 
are smaller than the older dbtenmnations of Paschen, and of 
Lummer and Pnngsheim (and, for that matter the earlier values 
of the present data, obtained by a different system of computa¬ 
tion, and not mcluding all the correction factors for reflectipn). 
However, as will be shown m the complete paper, the data of 
previous observers are in agreement with present values, when 
computed on the same basis.' 

The data now available were obtained with different fluorite 
prisms, water cooled shutters, air and vacuum bolometers, and 
thermocouples The radiators were platinum-wound porcelain 

' For example, Pasohen'a data, if computed by the present methods would give a 
value of \mT 2012 and ci * 14,460 The data of Lummer and FnngUieim are 
wrong owing to an error in their calibration curve which amounts to 0 Q2a for the 
region of the spectrum up to 2 This would decrease many of their values of 
Xhms by almost 1 per cent, and reduces their mean value to \^T « 2080 Their 
energy i-urves did not fit the Wien equation and since in the present research, 
radiatorfc of their design were used under conditions which were similar to theirs, 
it 18 possible to recalculate their data by the present methods of computation 
This gives a mean value of X^T - 2011 and eg 14,460 If we exclude their 
last value Of XmT» 2814, which la evidently not comparable with the rest, theif 
mean value of - 2024 and ct 14,600 Considered as a whole, a fair esti¬ 
mate of the older data is rg 14,400 to 14,600 
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tubes of the design used by Lummer and Pnngsheun. Enet^ 
curves were obtained from these tubes before and after they 
were blackened with chromium and cobalt oxides. It was found 
that the percentage of the energy curves fitting the Planck equa¬ 
tion was greatly increased when the radiators were blackened. 
There are still a few outstanding discrepancies which need further 
mvestigation. For example, the average value of C| for a given 
set of observations may be 0.2 to 0 5 pci cent higher than a simi¬ 
lar series made, under shghtly different conditions, but usmg the 
same pnsm, which was flawless Usually these fluctuations coin¬ 
cide with variations in humidity, but this is not sufficient to fully 
explain the matter. Again, when using a fiuonte pnsm con- 
taimng numerous flaws, which caused a conspicuous scattering 
of light, the energy curves appear to be distorted so that only 
25 to 30 per cent of them fit the Planck equation, and the value 
of Cj IS extraordinarily high, being of the order of Ci = 14,700. 
The data obtained m 1910 and m 1911, using a flawless pnsm, 
give an average value of ci 14,540 Using the some pnsm, in 
1012 , the value of the constant is shghtly lower, being of the 
order of Ci = 14,490. Altho this diflcrcnce of 0.3 to 0 4 per 
cent m the values of Ct is systematic it is within the experimental 
errfh>i of observation. It therefore appeals that the weighted 
value of tins constant will be found to be close to Cj =■ 14,500, 
and » 2020 This value of => 14,500 appears to be about 
1 per cent higher than the preliminary results published by 
Warburg and his associates at the Reichsanstalt. 

The constant, Ct, is of great importance m optical pyrometry, 
and heretofore owing to the* absence of concordant data experi¬ 
menters have used values ranging from c* = 14,200 to Ci *■ 14,600 
The value of the melting point of platinum, on the basis of the 
optical temperature scale, using ci ■> 14,500, was observed by 
Waidner and Burgess to be 1753°. The latest work on ^e gas 
temperature scale by Day and Sosman, extrapolating the tpermo- 
electnc scale from palladium, m p - 1549°2, gives a value of 
1760° to 1766°, with a mean value of 1752°, for the melting point 
of platinum A melting point of 1766° is equivalent to a value 
of Cl « 14,476 which is close to the predominating values of this 
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ooofitant 08 observed m the 9 sets of observationB, aggregating 
90 Bpc*ctral energy curves which were obtained in 1912. While 
it is veiy gratifying to find that the new value of ci 14,500 
places the melting pomt of platmum within 1“ or 2“ of the ob¬ 
served values (which are uncertain by a sunilar amount), this 
coincidence is to be considered somewhat accidental. 

Planck’s theory of the mechanium involved m the production 
of "black” radiation admits of the computation of the value of 
the elemental y electrical charge, e, by means of the constant of 
spectral radiation, h, (X„7 »> 2920) and the constant, o, of total 
radiation The recent determinations of the constant of total 
1 adiation, by Gerlach and by Puccianti give a value of cr » 5.9 X 
10“** watts per cm.* per deg.* Combimng this with the value of 
6 = 0 2920 cm. deg gives a value of e = 5 1 X 10"*® E. S U 
This IS considerably higher than the experimental value by Milh- 
kan, which is 4 777 X 10"*® E. S U While the tune is still pre¬ 
mature to attempt to harmomze the experimental value and the 
theoretical value as deduced* from the radiation laws, it is of 
importance to notice that there are wide variations in the vanous 
determinations of the constant, v, of total radiation. In future 
communications it is hoped to contribute values of v, whicl^are 
determined with some of the apparatus used in determining Ct. 

Heretofore, the experimental work on the spectral energy 
curves was done in the winter time when the humidity was low. 
The season of low humidity being close at hand, it is purposed 
to observe several more senes of energy curves, using other fluor¬ 
ite pnsms, before pubbshmg a more complete report. As matters 
now stand it seems highly desirable to put the complete optical 
path of the spectroradiometric apparatus and of the radiator in 
a vacuum m order to obtam the complete spectral energy curves 
free from the atmospheric absorption bands of water vapor, 
carbon dioxide, and oxygen. 

METAIjLOGRAPHY. — An improved vertu^iUuminator. Fred 
Eugene Wright, Geophysical Laboratory. 

Of the two types of vertical-illuminators which ore m current 
use on the metallographic microscope, the reflecting prism type 
furnishes the best illumination with low power objectives With 
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high power objectives it is less satisfactory because thereflecting 
pnsm cuts off half of the rays from the objective and thus seri¬ 
ously impairs the resolving power and general efficiency of the 
optical system ‘ The second type of illumination with the Beck 
illuminator does not suffer from this defect as the light which is 
reflected from the thm glass plate passes, on its return after 
reflection from the metal surface, thru the ^ass plate itself on its 
way to the eye of the observer. The glass plate thus ser\'es both 
to reflect and to transmit the light, 
the resulting mtensity of illumination 
IS, however, noticeably less than that 
obtained by the first method For 
satisfactory work the glass plate 
should be plane and thin and the 
source of hght so arranged that none 
of the rays reflected from the objec¬ 
tive lens surfaces reach the eye of the 
observer, otherwise they cast a haze 
or fog over the entire field, thus re¬ 
ducing the contrasts and floodmg the 
image 'with false hght. 

The device illustrated in figure 1 
was constructed in the Geophysical 
Laboratory five or six years ago, to 
correct this defect and has been found 
so satisfactory and useful in practice that it is perhaps worthy 
of brief description It onables the observer to produce an aper¬ 
ture of any desired size m any port of the field, he has thus con¬ 
trol over the entire fiehl and can ehmmate any incident rays 
which would otherwise disturb the kind of illumination desired 
He ean moreover obtain rays of any desired obliquity of inci¬ 
dence and thus increase or decrease the apparent rchef of the 
surface under observation 

The adjustable aperture is obtained by fitting to the ordinary 
v’ertical illuminator (Bausoh and Iximb type) four cyhndncal 

^ Caxl BenedickB, Metallurgie 6: 1-4 1904 



Fig 1 linproveti vertical 
lUuminutor 
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segments A, B, C, D (two outer s^ments, A, B, and two inner 
segments, C, Z>) all of which fit mto groovee cut into the support¬ 
ing collars F, G of figure 1 and can be rotated by grasping the small 
knobs and sliding each segment in its track, thus increasing or 
decreasing the size of the diamond shaped aperture at 0 (fig. .1) 
The nng marked E ran also be rotated and a triangular aperture 
obtamed if desired These segments can be made by a good 
mechamc without difiiculty and are so simple both in construc¬ 
tion and mampulation that further description is unnecessary. 
A movable irLS diafram may also be used for the same purpose, 
but it 18 less effective because it does not allow the observer to 
change the shape as well us the position of the aperture and thus 
to obtain intense illumination without, at the same time, mtro- 
ducing false hght 

BOTANY — Pumdanmna, a new genus of Annvnaecae from the 
Mascot ene Islands, together with notes on Artabotrys unnnabus 
and its synonymy W. E Safford, Bureau of Plant Industry. 

Among the Annonaceae of the island of Mauritius described 
by Lamarck in 1780 were three species referred by him to the 
genus Annona A gtandtJlora,A ompleTicaiihs, wad A uncxnaia.^ 
These were afterwards figured by Dunal m his monograph of 
the Annonaceae, the genenc name assigned to them by Lamarck 
beuig rctamed for the first two species but the last being placed 
m the genus Unona, under the name U. uncinata Dunal's 
plates show at a glance that the first two plants above named, 
which have separate carpels, each contammg several seeds, can¬ 
not possibly belong to the genus Annona, the fruit of which is a 
syncarpium composed of a number of l-seeded carpels fused 
together m a consohdated mass, and Unona unanaia (Lamarck) 
Dunal has been made the type of a new genus, Artabotrys, one 
of the distinguishing characteristics of which is the peculiar hook- 
hke peduncles of the flower, which at length serve as a support 
for the fruit 

That Lamarck’s Anona grandijlora and A. amplexteauhe do 
not belong to the genus to which they were assigned was recog- 

1 Lamk Knoyol Bot 8 126,137 1786 
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nued by Baillon, who placed them m the genus Xylopia, m a 
section by themselves, which he called Pseudanona (see Adan- 
sonia 4 ' 142. 1864), but m studymg the genus Xylopia the 
present writer has become convmced that these two Mauntian 
plants cannot possibly be regarded as congeneric with the West 
Indian Xylojna muricata, the type of the genus as established 
by Linnaeus,* and it is therefore proposed to segregate them by 
raising Baillon’s section to generic rank under the name of Pseu- 
dannona The genus may be described as follows. 

Pseudannona (Baillon) gen. nov. ^ 

Cal}^ gamosepolous, subtnangular or 3-lobcd Corolla com¬ 
posed of 6 petals m 2 senes, all of which are valvate, the outer 
3 lunger and broader than the inner and subspatulate m form, 
the inner more or less tnquetrous especially near the apex Recep¬ 
tacle (torus) domeshapied, with a crater-like depression at the 
center from which issue the styles of the sunken ovanes. Ovaries 
distinct, each terminating in a slender style which is recurved near 
the extremity where it is provided with numerous stigmatic 
papillae Ovules several, bisenate, not supenmposed as in the 
genus Xylopia Stamens numerous borne on the outer slope of 
the torus and fomung a crowded mass surrounding the central 
cluster of carpels; filaments stout, bearmg on their back a paur 
of hnear parallel poUen sacs opening extrorsely by a longitudinal 
sht and surmounted by the broadened connective. Fruit a clus¬ 
ter of distmet several-sccded carpels borne on the hardened recep¬ 
tacle, or torus, not a syncarpium composed of many 1-seed^ 
carpels fused together as m the genus Annona. Climbing or 
erect shrubs with sohtary l-flow«^ peduncles mdigenous to the 
islands of Mauritius and Madagascar 

Thus far but two species can with certainty be referred to this 
genus, a third species, from the forests of Mauritius is like P. 
grandxflora, a chmbmg shrub and has been described as Anona 
pynformts Bojer. Tho the latter cannot possibly belong to the 
genus Annona it is doubtful whether it should be assigned to 
the present genus, owing to its broad inner petals which resemble 

I LiaoMUi. Syit. Nat. S; 1200,10 ad 1760. 
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the outer m form Its genenc afiimties cannot be established 
owing to the absence of fruit The following are the species thus 
far known belongmg to the genua Paeudannona. 

1 Pseudannona amplezicaulia (Lamk.) comb. nov. Type of the 
genua 

Anona amplexicaulta Lamk., Enoycl Bot. 2. 127. 1786; 

Dunal, Monogr. Anon. 76, pi. 7 1817, DC. Syst. !• 

475. 1818, Fl^r. 1: 86 1824, Bojer, Hort. Maurit. 6. 

18317, Baker, FI Maurit & Seych 3. 1877. 

Xylopia amplexicavlib Bail! , Adansonia 4 142. 1864, Hist 
PI 1 226. 1867. 

2 Pseudannona grandiflora (Lamk ) comb. nov. 

Aruma gravdiftoralMxaik f'Enpycl Bot 2 126. 1786; Dunal, 

Monogr. Anon. 75, pi. 6 & pi. 6a. 1817, DC Syat. 1* 
475 1818, Prodr. 1. 86. 1824, Bojer, Hort Maunt. 

5 1837, Baker, Gl. Maunt. & Seych. 3 1877. 

Xylofna Lamarckii Baill, Adfinsoma 4 * 142. 1864, Hist. 
PI 1 227. 1867. 

NOTES ON AUTAJBOTBTS uncinatub 

This plant, which is one of the sources of the perfume called 
ylangylang, is of East Indian ongm, but is now cultivated m 
many tropical countnes for the sake of its fragrant flowers. Unlike 
the true ylangylang {Canangvam odoratum (Lamb) Kmg) it is 
a chmbmg shrub instead of a tree, the connective of its stamens 
IS broadly expanded instead of bemg produced mto a long taper- 
mg point, and its one-carpelled fruits contain 2 seeds each ar¬ 
ranged side-by-side instead of several superimposed m a series. 
The followmg is a translation of Lamarck’s ong;mal descnption, 
under the botanical name Anona unanata, or ''corossol with 
hooks." 

This corossol is remarkable for the amgular hooks which the floral 
peduncles bear, and which almost resemble the stipulary spmes of 
Hugonia [a genus of Linaceae occurring m the tropics of the Eastern 
Hemisphere, some of the species of which have hooked axillary pedun¬ 
cles] Its branches are woody, terete, glabrous, and somewhat ngsag 
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m form, bearnig alternate, lanceolate or oblong-lanceolate, acuminate 
leaves, glabrous on both sides, glosfWi and sbort-petiolcd, with blades 
6 to 7 inches long by almost 2 mches broad The pedicels are one- 
flowered, 6 hnes long, and each borne on a special mchned hook almost 
curved mto a spiral, somewhat flattened, and usually opposite a leaf 
The flower is rather large and has a calyx with 3 ovate-acute divisions 
much shorter than the corolla, 6 ovate-lanceolate petals, brownish red 
on the upper part, with broad claws at the base, tomcntobe, concave 
within, and constricted between the claw and the blade The 3 outer 
petals are shghtly larger than the others The fruits [npe carpels] are 
ovoid-globose, of the sise of a walnut enclosed in its hull, with the sui^ 
face smooth and slightly punctate, and containing oblong seeds, few m 
number, arranged longitudinally as in Ationa grandiflora [Paeudannona 
grandxflora (Lamk.) Safford] 

The following is the synonjony of this species. 

Aitabotrys uncinata (Lamk.) comb nov. 

Anona unnnaiua Lamk., Encycl Bot 2* 127. 1786. 

Unona uncmata Dunal, Monogr Anon 105, pi. 12, Sc pi. 
12a, 1817; DC. syst.* 1 490. 1818, Prodr. 1 90. 1824 

Uvana uncata Loureiro, FI Cochmch 1 349 1790, Roxb , 

FI Ind. 2 666. 1832 

Artabotrys odoraiuaxmua R Br m Bot Reg, pi 423 1819, 

Hooker f. & Thoms., FI Ind 128.128. 1855, Benth , FI 
Hongkong, 10 1861, Hooker f, FI., Brit. Ind. 1 54 

1872, Kurz, For. FI. Burm 1 31 31 1877, Baker, FI 

Maunt & ^ychelles 4 1877, King, Anon Bnt. Ind. 44. 

pi 55 1893 

Uvana odoraLimma Roxb., Fl. Ind 2 666. 1832. 

From the above synonymy it appears that I^amarck’s specific 
name {uncxnata) was recognized by Dunal and De Candolle Ite 
original pubhcation preceded that of Ijoureiro (uncata) by four 
years. In establishing the genus Artabotrys the fust specific 
name of the type was disregarded by Mr Brown, tRo quoted by 
him in his synonymy, and the manuscript name of Roxburgh 
was adopted instead According to the accepted rules of priority 
the first specific name must bo used, and the plant must be 
designated as Artabotrya uncxnatua. 
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TERRESTRIAL MAGNEl’ISM —Researches of the Deparfmeni of Ter¬ 
restrial Magnetism Land magnetic obsCTTohoris, 1905-1910 L A 
Bauer, CameKio Institution of Wabhmgton Pubbcatiou No 
175 VI + 186, with 10 plates 1912 
This pubhcation contains the results of all magnetic observations 
made on land by the Department of Terrestnal Magnetism from the 
beginning of its obhcrvational work in* February, 1906, to th« end of 
1910 Descnptionh of the types of mstrumonts used are given The 
diseussion of the general methods of the magnetic and astronomical 
field work include, besides the general detail of selection and occupation 
of stations, specimens of field records, computations, and determina¬ 
tions of conhtants and lorrections However carefully constructed, 
various inatnimcntH give results diffenng by small more or less constant 
amounts and hence arises the necessity of adopting some standard of 
reffierne. The Department has made for this purpose extensive mter- 
comfmnsons of mstniments at Washington, m the field, And at many 
magnetic observatonee thruout the world, with the data thus obtained 
it has been possible to reduce the magnetic results for the region covered 
m the publication to magnetic standarcls within an error in general m 
the order of the error of observation The mtercompansons of the pro¬ 
visional magnetic standards adopted with the standards of twelve 
observatories 91 the northern hemisphere and four m the southern hemi¬ 
sphere ore given, as also the indirect results of observations hy other 
orgamsations at seven additional magnetic observatones m the northern 
hemisphere, these show that the provisional standards adopted are very 
close to mtemational standards, at least so far as all pra(^cal require¬ 
ments of a general magnetic survey of the earth are ooncemed The 
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correotioiis to these standards for the various instruments used are given 
m detad The results are summarized under the main geographical 
divisions as follows Africa, 386 stations, Asia, 308 stations, Australia, 
10 stations, Europe, 36 stations. North America, 328 stations, South 
America, 111 stations, Islands, Atlantic Ocean, 68 stations, IiJands, 
Pacific Ocean, 61 stations The total number of stations is 1208, 
with reoccupations the total is 1301 The Table of Results contains 
for each station the geographical latitude, longitude, date of observation, 
the observed values of magnetic decimation, inehnation, and honzontal 
intensity, the local mean tunes to the nearest one-tenth hour for each 
element, the instruments used, and the observer Accounts of some of 
the expeditions ore given with illustrations pnmniily to show in a general 
way, the character of the field work and some of its difficulties The 
lost section of the volume is devoted to descnptions of stations arranged 
under the same geographical diYimons adopted in the Table of Results 

J A Flehino 

PHYSICS —The preeerU status of the temperature saUe Oeorgr K. 

Burgess Eighth International Congress of Applied Chemistry 
2211163 1612, * 

Attention is called to the desirabihty of expressing temperatures on 
the thermodynamic scale and a table of corrections to the vanous gas 
scales IB given It is shown that the platinum resistance thermometer 
may be used to reproduce the temperature scale with the gijsatest exact¬ 
ness rom ~200” to -|-1100”C. The limitations of thermoelectric and 
radiation pyrometry are discussed as well as the status (with tables) of 
several of the boiling and melting points of substances smtable for 
standard temperatures International agreement on a temperature 
scale IS urged The status of the scale may bo illustrated by the accom¬ 
panying tables of standard temperatures 
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STVXJIARD fEMPKltATURBS THERMODYNAMIf SCALE 
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For the tcmpcraturi's depc>ndent on atmcmphenr prcbsuro we have 

Oxygon BP T - Ttm + 0 013 (j> - 700) 

Carbon clioTido H P 'I' » Tr*i + 0017 (p — 700) 

)Vator BP T = li* + 0087 (p - 700) 

NapthiiUno B P 'I' - Ttm + 0058 (p - 700) 

Bonsophenonc BP T — Tth + 0 003 (p — 7(i0) 

Sulphm BP T - Ttm + 0 0012 (p - 700) - 0 000042 (p - 7W))‘ 

to the chemical punty of the vanous substances, Myhus has 
shown* that the following metals may easily be had to 0 01 per cent or 
better Au, Ag, Ft, Ilg, Cu, Sn, Fb, Cd, Zn Of the boiling substances, 
benzophenone and oxygen are the only ones to the purity of which 
special attention need be given G K B. 

‘ F Myliua, Zb. Anorg. Ch 74 407. 1912 
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BIO-CHEMISTRY — Wild wilatile-otl 'plants and iheir economic import- 
anc 0 I Black sage^ II Wild sage. III Bicamp bay Frakk Rabak 
Bulletin 236, Bureau of Plant Industry, pp 37, with 6 figs 1912 

In the general part of this bulletin are described the distnbution of 
Wild aromatic plants m the Unitc(| States The present production of 
volatile oils obtained from wild plants native to the United States is 
discussed in detail A classihcation of volatile oils based on their odors 
aud constituents is suggested Attention is called to the commercial 
importance of volatile oils The plant sources and the commercial use 
of the important substances, camphor, borneol and cmeol ore thoroly 
discussed 

The special part of this bulletin consists of the mvt'stigation of the 
volatile oils of black sage, wild hoge, and swamp bay 

The oil of the black sage {Ramona stnchymtles (Bcnth) Bnquet) was 
found upon examination to consist essentially of camphor (more than 40 
per cent) and cmeol (22 5 per cent) with smaller quantities of on alcohol, 
probably bomcol, both free and as an (*htor, thujone, traces of pinene and 
terpincne, and traces of combined acetic and formic acids The (on- 
stituents of possible commercial importance in the oil are camphor and 
bomeol ♦ 

Analysis of the oil of wild sage (Artemihta fngida Willd ) showed the 
presence (1) of bomeol, 43 per cent, of which about G 8 per cent exists as 
bomyl heptottte, leaving 35 8 per cent of free bomeol, (2) of cmeol 
(cucalyptol) 18 to 20 per cent; (3) of fcnchone 8 to 10 per cent, (4) of 
free acids, chiefly oenanthyhc or heptoic acid, 0 58 per cent, with traces 
of formic and caprylic acids, (5) of combine<l acids m the fonn of esters, 
chiefly oenanthylic acid, with smaller quantities of valenanic, undecyhc 
and formic acids The chief constituents of commercial importance are 
bomeol and cmeol 

The oil of swamp bay {Fersea pubescenst (Pursh ) Sorg) was found to 
consist chiefly of 21 per rent of camphor, 19 8 ptT cent of cmeol, and 
bomeol, the latter occuinng to stnall oxte^nt as esters and as free alcohol 
Small quantities of butync acid and esters of butyric, valenanic and 
heptoic acids were also present 

The plants which yield the above oils are found in widely separated 
regions of the United States, m California, South Dakota, and Flonda, 
respectively 

Tlie large quantities of camphor m the oils of black sage and swamp 
bay arc new sources of this important substance Likewise the large 
percentage of bomeol m the oil of wild sage opens new pobsibihties 

F R 
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BOTANY —The cotton of the Hopi Indiana A new apeeiea of Goasy^utn. 
i<'REDEaicK L Lbwton Snutbsonian MiscoUaneous Collectioiis 
60: no 6, with 5 plates October 23,1912 
The early Spanish explorers discoveredm 1540the region now occupied 
by the pueblo Indians and recordeddihe cultivation of the cotton plant 
by the Indians That the cliif-dwellers, the ancestors of these pueblo 
Indians of our Southwest, cultivated, spun and wove cotton, has been 
shown by the work of several eminent ethnologists Fragments of 
cotton fabrics are common in the villages of the cIiff-dwellerB which were 
in rums when first seen by the white man 

After tracing the history of cotton cultivation by the Indians of this 
region and its use by them for ceremonial and household pi^poses, a 
technical descnption of the cotton now grown by the Hopi mdians is 
given and pubhshed as a new species under the name Goaaypium hopi 
This cotton IS conspicuously different from the American upland 
cottons in color of foliage, flowers, habit of branching, etc, and it is 
believed that it has never been cultivated by the white man or had any 
influence in the development of the tyjies of cotton so largely culti¬ 
vated m the East and South. 

The Department of Agnculture has experimented with the Hopi cotton 
for several years and the experiments show this cotton to be remarkable 
for its earlmess and its ability to grow under very dry conditions 
Owing to the ease with which machine-made cotton yam can be pro¬ 
cured by the Indians from the traders, but very bttle Hopi cotton is 
now grown by them, and the smallness of its bolls and poor ^eld of 
flbsr have not made its cultivation attractive to the white man 

F L L 

BOTANY .—Rubdtid cotton A new apecua of Ooaaypiumfrom Guatemala 
Frederick L Lbwton Smithsonian Miscellaneous Collections 
60: no 4, with 2 plates. October 21, 1612. 

Goaaypium trenaeum is described This is a shrabby species culti¬ 
vated by the Kekohi Indians at Rubelsul, a part of the ^ca “Trece 
Aguas," a few milea from the town of Senahu m Alta Verapaz, Guatemala 
It IS planted about the door-yards and yields longer and finer fiber than 
the species commonly planted by the Kekcbi Indians m regular patches, 
oftentimes at some distance from their dwellings The most pnmiment 
character of this new species is seen in the remarkable development of 
the calyx, which reaches proportions not known m any other species of 
Qossypium F L L. 



ABSTRACTS* BOTANY, PLANT FHYBIOLOaY 


25 


BOTANY — Kokta A new genua of Hawaaan trees Frederick L 
l^WroN Smitheoman Miaoellaneous CoUections 60: no 6, with 
6 plates. October 22, 1012. 

The new genua mcludea^ree species, Kokta drymnoidea, K lonceo- 
laia, and K rocktt, the Ian two siyciea being desonbed as new The 
genus IS based upon a study of herbanum material representing Ooa- 
syptum drynanotdea Seemann, from the Island of Molokai, Hillebrand’s 
variety of Seemann’s species, from the Island of Oahu, and specimens of 
a hitherto undescnbed species collected m 1909 by Mr J F Rock, of 
Honolulu, on the slopes of the Volcano Hualalai, Island of Hawaii 
Kokta drynanotdea and K laneeckda are beheved to have ontirelydis- 
appcared from the Hawaiian Islands, and the third species, K rocktt, 
has been reduced to a single group of four trees These are about 26 
feet high, averaging 10 to 12 inches m diameter F X, L 

PLANT PHYSIOLOGY — A prelirniTutry study of the forced curing of 
lemons as practiced tn California Arthur F Sibvers and Rod¬ 
ney H, True, Bureau of Plant Industry Bulletin 232 Feb, 
1912 4 

The process of forced cuniig of lemons m vogue in Califorma con¬ 
sists m subjecting the green fruit to beat and humidity in tight rooms 
until the desired color is produced. The time required to accomphsh 
the result ranges from 6 to 14 days 
Experiments are desonbed showing that heat and humidity are of 
secondary importance in the process and that the pungent, gaseous 
combustion products from the oil-burmng stoves used produce t^ 
desired effect It is suggested that these gases could be used on a com¬ 
mercial scale by generating them in separate structures from which 
they could be distnbuted to the different rooms contaimng the fruit 
Such conduction of the gases by means of pipes was found by expen- 
ment not to impair their effectiveness 
The loss of steins from the fruit has been a common result of the forced 
ounng process It has generally been held that the high humidity which 
obtains in the curing rooms was the cause of this troublg. The experi¬ 
ments here reported prove that the same factor which effects the color¬ 
ing, also causes the loss of the stems 
A study of the different materials used m the construction of curing 
rooms relative to their effect on the coloring brought out the fact that 
material of a porous nature hastens the process This would indicate 
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that l>etter results would be obtained in rooms constructed of earth, 
bneksj or concrete than in rooms of woorlen or metal eonstructioh 

R H T 

P1;ANT PHYSIOLOGY Absorpii^yit and excretion of salie by roots, 
(Hi influenced by conceniratim and compohiMon of cuUure sdvkons 
I Concentration relatumH of diluie ttoluiionH of calcium and mag^ 
nennm nilrate to pea rooh R H True and H H Bartlett 
Bulletin 231, Bureau of Plant Industry, U S Department of 
Agneulturc Ibbuetl January 30, 1912 

Secondary roots of the pea will not develop in m/6000 Mr (NOi)i 
A calcium to maRnesium ratio of 1/10 is the lowest ratio at which cal¬ 
cium entirely inhibits the harmful ediH't of magnesium m solutions of 
this concentration In h^lutions of hueli concentration that magnesium 
alone would not prevent the formation of secondary roots (e g , m/20,- 
000) the calcium to magm^ium ratio which brings about perfect root 
development is nearer 1/100 In solutions of whatever concentration 
the calcium to magnesium ratio most favorable to absorption of salts 

IS 1/1 » 

For calcium mtrate solution used as a culture medium, or for mag¬ 
nesium mtrate solution, or for mixtures of the two in any ratio, there is 
a defimte concentration above which roots absoib more electrolytes than 
they excrete and below which they excrete more thany they absorb 
This equihbnum concentration is 12 m/500,000 for Mg (NO*), and 
7 m/60,000 for Ca (NO|)j For solutions of the two m the lowest ratio 
w^cli permits i>erfect root development (Ca Mg 1 10) the eqiuhb- 
num concentration is 8 m/600,000, almost low as for Ca(NOa)j alone 
For solutions mixed in the most favorable ratio for absorption (i e , 
5/6) the equihbnum concentration is 5 m/5(X),000, lower than for Ca- 
(NO,), alone H H B 

PHYTOPATHOLOGY- The hisUiry and cause of iiie coconut 6ud-rot 
John R Johnston Bulletin No 228, Bureau of Plant Industry, 
U S Department of Agriculture Pp 175, pis 14 and iigs 10 
February, 1912 

Bud-rot is a disease of coconuts which has been known for more than 
thirty years in Cuba, causing widespread loss A similar trouble has 
existed for years in Jamaica, Bntish Honduras, Tnnidad, and Bntish 
Guiana. It is reported also m Bntibh India. German East Afnea, Por¬ 
tuguese East Afnea, the Phihppines, and Ceylon 
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The diHease was invcstiffated in 1901, at the request of the planters of 
Baracoa, Cuba, by Mr August Busch, entomologist of the U S Depart¬ 
ment of Agriculture In 1904, Dr Erwm F Smith, plant pathologist 
of the same Deportment made further investigations in the districts 
around Baracoa, and declared the disease to be o bactenol soft rot of the 
terminal bud Since that time it has been studii^Kl by a number of botan¬ 
ists and mycologists Investigations were begun by the author of this 
bulletin in 1907 (in Cuba, Jamaica, Tnnidad, and Hntish (iutana), 
and continued until 1911 

Signs of bud-rot in its mcipiency ore (1) the falling of the immature 
nuts, (2) a staining of the opening flower spikes, partly or wholly, to a 
nch chocolate brown, and (3) the dying and liending over of the middle 
undeveloped loavcb 

The cause of bud-rot has been attributed to soil or chmatic conditions, 
insects, mechamcal injuiies, etc Dr Ramos, of Havana, lieheved it to 
be due to a fungus, Uredo cocctvoro Dr Dnviilos, also of Havana, 
attnbuted it to what he claimed to lie HtxaUus amylobader, which he 
iholateil in 1886 Dr Plaxton, of Jamaica, exhibited in 1891, slides of 
a micrococcus which he thought was probably the caubc 

Believing the disease to be a boctenal one investigations were con¬ 
tinued along the bnch planneil by Dr Hmith Matenal fiom many dis¬ 
eased trees was obtained, and bactenal organisms were isolated from 
these tissues, which consisted m general of two tvpi*s On(> which pro¬ 
duced, usually, round, wct-shming, white and semiopaque colonies with 
rnisiMl surfaces, and one (type most abundant) which produced colonies 
of very thin growth, spreading rapidly over the plate, often with long 
radiating branches, this tvpe being also white, wet-shimng, .ind semi¬ 
transparent 

In the course of the work such a clohe similanty of the coconut organ¬ 
ism with HaciUua coh was observed that companson of the two organ¬ 
isms was mode which shows them to be praetically identical Mnn> 
special test reactions for the identification of Bacillus coh were used not 
only m charactenzmg the coconut orgamsm, but also m ascertaimng any 
differences that there might be between it and Bacillus yh from animal 
sources, e g , behavior in fermentation tubes, growth on Dolt's synthetn* 
medium, reaction to neutral red in various media, D Rivas’ teats, growtli 
on Endo’s fuchsm agar, Stoddard’s plate medium, Hiss’s tube medium 
(both of the latter used to distinguish B colt from B typhosus)t etc 

Special mooulations for the companson of the coconut orgamsm with 
BactUuH call (from animals) were made into coconut seedlings, a solution 
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of ammonium oxalate being injected into a seedling at the same time as 
a check Eighteen days after the injection the material was coUooted, 
plates were poured, and m five days pink colonies typical of both the 
coconut organism and of B coh were formed on their respective plates. 
Along with the other moculations just described a second injection of 
B. colt (derived from amnuals) was made mto a coconut seedling, and also 
another solution of ammomum oxalate After 47 days there was a good 
typical soft rot in the seedling moculated with B. colt, but there was no 
charactenstio effect from the ammomum oxalate From this matenal 
B cob was isolated, both by the author and by Miss McCulloch Six 
experiments m all were conducted m which many inoculations were made 
with pure cultures of BaaUus colt from animals, a good soft rot being 
produced m the heart tissues of the coconut crown in most cases—a rot 
similar to that produced by the moculationB with the coconut organisms 
which were made at the same time A full table is given, summarising 
the characters of the coconut organisms and of B coh, m which but 
slight variations arc noted In summing up the cooSparative study of 
those organisms, Mr Johnston says* 

In the course of such an extended study on a disease ns this has been 
there naturally occur certain results some of which tend to weakpn the 
ease and others to strengthen it The many successful inoculations and 
the mmilanty of the cultures injected and isolated, together with the 
similarity of many other cultures isolated from diseased eoconut mate¬ 
nal by tne water and earlier by Dr Smith all tend to strengthen the case 
On the other hand, successful inoculations by the water with cultures 
of vonablo appearance rather tend to weaken the argument. These 
results may be explained by the supposition that other organisms than 
BactUut colt also produce the bud-rot, or that what posses for BaaUus 
coh includes a group of closely related but not identical organisms 

After the above experiments were conducted it was decided to search 
directly in the diseased tissues for B coh Matenal was obtained from 
Bnracoa, Cuba, transfers being made, under clean conditions, to tubes 
of Dolt’s synthetic medium Platings were made in Washington, and 
B colt was present as mdicated by the tests Subsequently more mate¬ 
nal was obtained' with a similar result, BaaUus colt bemg isolated 16 days 
after the matenal was collected 

Componson of the bud-rot caused by Bacillus coh with several diseases 
of the coconut palm asenbed m hteraturp to other causes indicates that 
several of these diseases are identical with bud-rot It is not known at 
present that this bud-rot occurs on other palms than the coconut, but 
it probably does 
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The bacteria thnve only in the menbtematic tusuea which art* little 
or not at all lignifiod Stomatal infections are common on the young 
tissues 

Birds and insects arc believed to be carriprs of this dii>pii8c It is 
recommended that badly diseased trees bo cut down and burned All 
fallen leaves, nuts, etc, should bo removed. , 

EnwiN F iSHim 

PHYTOPATHOLOGY —A knot of cUnu> trfot caused by Sphaerop>>ts 
lumefactens Florence Hedges and L H Tennt Bulletin 217, 
Bureau of Plant Industry, U S Department of Agnculturc Pp 
74, pis 10 and figs 8 1912 

This bulletin describes m detail a new fungous disease of citrus trees 
Branehos of lime and orange trees affected by the disease were first 
received from Jamaica, but recently a knot on a lime twig was received 
from Florida, whuh very much resembles the Jamaican disease, and is 
probably the somw From the Jamaican mutiTial a fungus, Sphaitopsu 
iumefacierib Hedges, has been isolated which reproduces the knots when 
sound lime and orange trees are inoculated with puro cultures Many 
successful inoculations have been made with reisolations from these 
artificihlly produced knots t 

The first indication of infection is a slight swelhng of the branch As 
this increases in sise the bark, which at this stage covers the young knot, 
becomes lighter in color and is noticeably cracked and has a cork-like 
appearance Growth under greenhoubo conditions in Waahmgton is 
alow, several to many months being necessary for the production of 
knots 1 to 3 mches in diameter As the disease develops, secondary 
knots form on the mam branches and trunk, often extending to the 
ground, and the death of the entire tree is the ultimate result 
The mycelium of the fungus may oc*cur in any or all of the tisbucs of 
the stum, being particularly abundant m the cortex and wood Large, 
rapidly-growing knots as a rule contain less mycelium than the smaller 
slow-growing ones In young, rapidly-growing tissues of buds growmg 
out of knots the mycehum is confined to the intercellular spaces 
The fungus is easily isolated from the knots, fresh young knots tieing 
preferable for this purpose It has also been isolated from the stem 
between the knots 

The pycnidia as they have been observed upon the host are subf^o- 
bose, papillate, very dark brown or black, ostiolate, closely crowded 
together or sohtory, with a cellular pendium, and measure 162 to 224 
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by 120 to 192/4 The sporoM, both on the host and m cultures, are large, 
colorless or yellowish, oblong or ovoid, rounded at both ends, or subacute, 
measuring 16 to 32 bv 6 io 12 /4, being either long and slender (32 by 8 /i), 
or Inroad and short (16 by S /x), with intcrgradmgs Some tune after the 
apjiearance of the pycnidm small, cylindrical, eolorless, 1-ceIIed, spore- 
like IkkIios, the ho-eolled spermatia, are found both in cultures and cA the 
host Their germination has not lieen observed ('hlnmydospores 
liave never be<*n observed on the host, but in old eultuieb on steamed 
vegetables or fruit, large, thick-walled, interealary, brown, spoic'-like 
}>odiC8 me sometimes present in abundance 
Prumng is rocommimded as a romwly for the disease, and care should 
be taken to remove the afleeted liinlis i^ell below the lowest knot as the 
mytehuin hah been found in the stem 1^ ft beyond any external indica¬ 
tion of its presence Bailh diseased trees should In* rootisl out and 
})urn(sl to prevent disstsiiination of <he fungous sports 

Erwin F Smith 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 

A special meeting of the Anttiropological Society of Washington, was 
held December 3, 1912, at 4 30 p m m the new building of the National 
Museum, Mr Stetson, the President, in the ehair 

Mr Wm II Babcock read u paper on The Islands of AnltUta illus¬ 
trated by lantem-slide maps, taking the title of his paper from l^eter 
Martyr's Decades of the New World where that author in view of “the 
cosmographers,” states that he believes these islands were what his 
contemporary, Columbus, hod discovered Peter Martyr's own sketch 
map of 1511 was exhibit^, showing Florida as one of them under the 
name of Beineni There were also displayed! the maps of Beccana, 
Bianco, Pareto and Benmeasa, from 1435 to 1487, who may be among 
“the c^bmographerb" referred to They show a group of four large 
islands roughly corresponding m sise, arrangement and othoi rcfepects 
with Cuba, Jamaica, Monda or Beimem, and Andros or the Bahamas 
On Beccana’s map they bear the names Antilha, Rcylla, Salvagio and 
Insula in Mar (Opposite Island or Island out Before, King Island, 
Savage Island and Island in the Sea) These are nearly as far west of 
the Azores as the latter are west of Europe and m such a location must 
be either the creatures of mere fancy or appurtenances of America 
But It IS not likely that mere guess-work could produce the remarkable 
correspondences of thebe great map ihlaiuK with the reality, such an 
island group being altogether unique in the Atlantic 
Behaim's globe of 1492 contains an inscription to the eHect that a 
Spanish vessel visited Antilha in 1414 Thm is more vaguely endorsed 
by another on the map of Ruysch (1508), which credits the Spamordb 
with finding Antilha long ago That something of the kind happened 
in the first quarter of the fifteenth century may lie inferred from the 
fact that Beccana (1535) names the group collectively “The Newly 
Reported Islands,” most likely borrowing this title legend from his 
earher map of 1426, altho the fourteenth, century maps had contained 
no suggestion of Antilha and her consorts 
The other fifteenth century maps named corroborate Bcccoria, being 
very consistent in outline and armngment so far as they go, altho two of 
them give but three islands and Bianco shows only Antilha and a part 
of Salvagio, which he calls La Man de Satanaxio, but this last seems to 
be a cose of mutilation However, the Laon globe of 1493 shows only 
these two mom (rectangular) islands 

31 
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A current map showed how naturally any croft entering and oon- 
tmumg in the great-sea-current which sweeps from the Asores and the 
other eastern islands westward to the Antilles would be earned to Cuba 
and her neighbors 

The Cat^n map of 1375 and the Pisigam map of 1387 with its pic¬ 
ture of St Brandan bleasmg his Fortunal^ Islands of Porto Santo and 
Madeira and the figures of a dragon and a dentapod, each carry|^ off 
a seaman from his bt^ as a warning against westward exploration, 
were also exhibited l^ey show the circular island of Brasil west of 4 
Ireland and the more southerly crescent-form Man or Brasir, both being 
important and persistent legendary islands and the Catalan map in 
particular shows all the Asorea approximately m their real grouping 
but neither of them presents anything like the Islands of Antilha 

Dr Philip Newton read a paper on the Negnio^ of the Pkdipjnnesj 
estimating their total number (full bloods) at 5000, tho by counting 
mixed blood tnbos and mdividualb the estimate is sometimes earned 
up to 25,000 They are distnbuted thru numerous islands, tho not 
reported from Mmdoro The greater number arc on Luzon There 
18 no difference m them, except as their blood is mingled with that of 
neighbonng races They are not fishermen, but hunt and gather natural 
piquets, using m bome distncts poisoned arrows, the symptoms of 
poisoning being like those of stiychnme Their houses ore made of 
upright poles connected by horizontal poles having cross pieces and 
1^ thatching. Those who die ore buried under or near these homes 
They rarely bathe and their clothes (which arc breech-clouts or aprons), 
are apparently never washed Usually these are of cloth obtained m 
trade, but m some islands, for example Palawan, bark is used Negntoa 
do not regularly practice ognculture, but will sometimes plant nee— 
and perhaps move away before it npens A skin disease is the most 
prev^ent among them, but malana also is common Three incipient 
cases of tuberculosis were noted and some other diseases have been 
dmved from their neighlxirs 


Wm H Babcock, Secretary 
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PHYSICS —A mechanical differtrUial telethermograph and some 
of tie applications Ltman J Bbicos Bureau of Plant 
Industry 

This instrument consists essentially of two mdependent Bour 
don spring S 3 n 9 tems each hollow spring eommumcatiiig with a 
copper bulb by means of a copper capillary l^ach system ih 
completely filled under pressure with a hquid having a high 
thermal expansion coefficient These two systems are mounted 
as shown in the illustration in such a manner that thi fiee ends 
of the spnngs move m the same pUnc and m opposite directions 
when the two systems undergo the same change m temperature 
The free ends of the two Bourdon springs are connected m the 
plane of movement by a double hiik the two members of which 
are approximately parallel and normal respectively to the paths 
traversed by the ends of the springs Ihe normal link is con 
neoted at its approximate center to a second link which eommum 
cates with the pen met hamsm 

When the two systems undeigo i simultaneous (honge in 
tomperatuie the free ends of the spnngs m expanding oi con 
tracting rotate about the center of the fonnecting hnk without 
producing any translation of this point No change occurs 
therefore in the position of the recording pen on the drum 
When however a differential change in the tempeiituie of the 
two systems occurs a greater movement is produced in the free 
end of one Bourdon spring than in the other and a corresponding 
movement of the pen arm takes place The instrument is thus 
designed to record differences in the temperature of the two 
systems mdependent of the absolute temperature 

While the Bourdon spnngs neccssanly expand m response to 
an mcrease m their own temperature independently of that of 
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the bulbs, such changes do not affect the reading of the instru¬ 
ment, providing the springs do not differ substantially m tem¬ 
perature at any tune during this change To secure this equality 
in temperature of the two spnngs as nearly as possible, the 
instrument is provided with a metal cover blackened inside, and 
the mtenor is given an open construction The two copper 
capillaries can also be kept at the same temperaturetfor the 
greater part of their length The differential temperature 



Fig 1 A mechanioal differential telethermograph Capillary tubes much 
longer than those shown in the illustration may be used 


recorded is, therefore, substantially that represented by the 
difference m temperature of the two bulbs 

APPLICATIONS 

Two apphcations of this instrument have been made dunng 
the past year in connection with mvestigations m bio-physics 
Recording the depression in temperature of the wcl-butb thermome¬ 
ter One use of the mstrument consists in recording changes m 
the depression in temperature of the wet-bulb thermometer 
For this purpose the apparatus is placed in a \entilated instru¬ 
ment shelter One bulb is covered with mushn and kept con- 
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tinually moistened by (dlowing water to drop upon it very slowly 
from a reservoir, wlule the other bulb assumes the temperature 
of the shelter. In this way a contmuous graph is obtamed of 
the depression m temperature produced by the wet covenng, 
independently of changes m the an* temperature By using this 
record m connection with a sunultaneous record obtamed with 
an air thermograph, the humidity at any time can be calculated 
from standard psycbrometnc tables 
Reconhng changes xn intensity of soUir and sky radiation. If 
one bulb of the instrument is blackened and exposed in a glass 
jacket to radiation from the sun and sky, while the other bulb 
is kept at air temperature, the differential temperature uf the 
two bulbs due to the radiation received is recorded The instru¬ 
ment in this form gives a continuous record of changes in the 
intensity of the radiant energy received, altho the interpretation 
of this record in absolute umts is of course dependent upon cali¬ 
bration with an absolute instrument The types of sunshme 
recorders ordinarily employed give no indication of the magm- 
tude of the changes m the radiant energy, but mdioate simply 
whether the radiation exceeds a certain intensity 
The development of the instrument with a view to providing 
a contmuous quantitative record of the intensity of the radiation 
received at the earth’s surface is now in progress 

PHYSICS — Media of high r^raction for r^ractive index determv- 
naiione voith the microscope, also a set of permanent standard 
media of lower refraction H E Merwin, Geophysical 
Tjaboratory. Commumcated by Arthur L Day 

A number of experimental studies have‘been earned on for the 
purpose of extending the conditions under which deteiminations 
of refractive index by means of the nucroscope can be made Such 
determinations require immersion media of standard refractiv'e 
mdex Various immersion hquids have been m use for the deter¬ 
mination of refractive mdices over the interval 1 33 to 1 SO, 
mixtures of amorphous sulfur and selenium have been found 
useful over the range (for sodium hght) 2.1 to 2.4. The immer¬ 
sion media to be desenbed have been devised to fill the gap 180 
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to 2 10, and to extend the senes beyond 2 4nu or in special cases, 
particularly when a refractometer is not at hand for standard¬ 
izing the liquids, take the place of media hitherto used. For the 
latter purpose solids have been found which may be mixed in 
given proportions by weight to produce permanent standard 
media. These are either vitreous (more or less ngid) or hquid 
(fluid). 

Altho differences in refractive index as small as 0 (H)l can be 
detected under the microscope by either the method of obhque, 
or of central illumination, it is seldom that in determiBative 
mincralogical work results clober than 0 01 are of practici^ use 
owing to the complex character of most mmeral^ • For this 
reason many details concerning the preparation and use of these 
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Liquids, n = 1 74^ to t 87 In 100 parts of methylene iodide 
at 20° the number of parts of the various substances indicated 
in the table (1) can be dissolved, forming saturated solutions 
havmg the permanent standard refractive indices specified 
When ready for use, the hquids can be mixed by means of a 
dropper to give mtermediate refractions. Commercial iodoform 
(CHli) powder is not suitable, but crystals from a solution of 
the powder m ether may be used, or the crystallued product 
may be bought A fragment of tin in the hquids contaimng 
SnL will prevent discoloration. 

Liquids, n 1.74 to Near its boiling point methylene 
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iodide slowly dissolve precipitated arsenic tnsulphide, forming 
an orange-colored liquid. After some days crystals separate, but 
while fresh—or after the heating of an old preparation which is 
not discolored—the solution can be used for accurately matching 
the refractive mdex of a substance, and then standardized by 
means of a goniometer^ or a spectrometer and pnsm 

Resirir-like substances, n = 1.68 to 2 10 Piponne, one of the 
least expensive of the alkaloids, can be obtamed in very pure, 
straw-colored crystals. When melted it dissolves the tn-iodides 
of arsemc and antimony very freely. The solutions are fluid at 
shghtly above 100°, and when cold are resm-hke The red color 
of the iodides is present in the solution. The color, however, is 
of such a character that detenrnnations of refractive mdex made 
in the solutions m white light arc almost as accurate as those 
made m sodium hght. If less than 7 per cent of the iodides is 
present this solution should be examined thru a him of a 7 per 
cent solution A solution contaimng 3 parts of antimony iodide 
to 1 part of arsemc iodide with varying propiortions of pipenne 
is easier to manipulate than one containing either iodide alone 
The diagram, figure 1, gives the necessary data concerning com¬ 
position and refractive mdex for sodium light In preparing, the 
constituents, m powder of about 1 mm gram, should lie weighed 
out, and then fused over —not in—a low flame Three-inch test 
tubes are suitable Sturmg with a glass rod is e^ntial A 
little of this material is placed on a glass slip with ’some of the 
powder to be exammed, it is then warmed and pressed thin under 
a cover-glass. For use with the more highly refracting mate¬ 
rials the powder must be very fine to permit a very thin film to 
be made An artificial hght is advantageous for observing the 
deeply colored Aims. The iodides should be exammed under the 
microscope for mcchamcal impurities 

Mixtures of amorphous sulfur and arsemc tnsulfide, n » 21 to 
2 6 These mixtures are much hghter colored than corresponding 
ones of sulfur and selenium, but they are less easdy standardized 
and manipulated. They should be used only in cases requiring 
greater transparency than the sulfur-selemum mixtures. They 

> See Am Jl. 8ci St 46. 1912 
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must be standardized by means of a prism which is ground or 
moulded About equal parts of dri^ precipitated As*Si and 

PCRCffNTAQER 
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Fig 1 Composition and refractive index 


flowers of sulfur are intimately mixed by gnndmg moist with 
alcohol The mixture when dry is strongly heated m a test tube 
which IS not more than one-third full. A part of the sulfur will 
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boil away. The mixture remaining can be powdered and heated 
with either sulfur or AsiSi to produce a mixture having the desired 
refractive index 

Permanent standard resinous media, n ^ l.BJ^ to 1 682 Any 
proportions of pipenne and rosm form a homogeneous fusion 
which cools to a transparent, resmous mass Figure 1 shows the 
refractive mdices of various mixtures. On account of the strong 
dispersion of pipenne the refractive indices of minerals appar¬ 
ently matched with those of mixtures nch m this constituent 
are 0.005 to 0.01 too low To correct the eiror a screen made 
of a thm film of 7 per cent antimony iodide and 93 per cent 
pipenne should be used over the eye-piece Any amber-colored 
rosin in lumps is suitable 
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senes is prepared from rosin and camphor Each per cent of 
camphor present lowers the refractive index 0.0007. Not moic 
than 40 per cent of camphor may be present without causing 
crystalhzation The rosm is weighed out and melted slowly, 
when it IS partly cooled but not yet hard, the camphor (well 
crushed) is stirr^ in Heat is then applied gently and stirrmg 
IB contmued till the camphor is dissolved Camphor does not 
volatilize appreciably from the cold mixtures if they aie kept in 
stoppered contamers 

PermanerU standard fluids, n — 1 487 to 1 683 Several orgamo 
Bohds have been found which form eutectic mixtures melting 
much below ordinary temperatures By plotting on cross-section 
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paper and connecting by straight lines each pair of points in 
table 2 the composition and refractive mdex of a complete series 
of fluids will be represented Errors m n will not exceed ^ 0.003 
if fairly pure crystaihne substances are used Some of the fluids 
havmg n between 1.61 and 1 683 may crystallize after standmg, 
but shght warming will restore their flmdity. Other materials 
under investigation give permanent flmds over much of this range. 
Where three constituents are specified in the table two of them 
in fixed proportions arc used to form one variable constituent. 

ELECTROCHEMISTRY -The mlmr voltameter III. E B 
Ro8\, G. W Vinal and A. S McDaniel. To appear in 
the Bulletin of the Bureau of Standards 

The second senes of quantitative expenments began in Decem¬ 
ber, 1000, after several months spent m the quahtative work de- 
senbed m Part II As a result of the precedmg work the authors 
had discarded the filter paper voltameter as an mstrument of 
precision and turned their attention to the problems related 
to the porous cup form and the punfication and testing of the 
electrolyte The apparatus and methods employed were himilar 
to those previously desenbed. 

During this picnod of the work the small porous cup voltame¬ 
ter was found to be the most convenient and rehable form to use 
as a standard With the purest salt available the deposits were 
adherent and white, always non-stnated, and crystalline as seen 
under the microscope As a test of the reproducibihty of this 
small porous cup form, fifty-four deposits made in pairs (except 
two sets of three each) m which the electrolyte and other condi¬ 
tions were as nearly identical as possible in the two cups of each 
pair were tabulated The average deviation of each value from 
the mean of each group (of 2 or 3 cups) was found to be 1 part 
in 100,000. That is, when the variations in the electrolyte and 
the measurement of current and time are eliminated so that it 
lb simply a question of how nearly two similar voltameters agree 
with one another and the variations are produced by loss of 
silver m washing the deposit, fluctuation in moisture or impurity 
in the deposit and the errors in weighmg the cups the average 
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deviation of individual values from the mean of 2 or 3 cups is 
only 0 001 per cent. 

Comparison of the large porous cup voltameter with the smaller 
size showed consistently a heavier deposit in the former by about 
5 parts in 100,000 and the siphon form which required a very 
large volume of electrolyte gave a still greater excess It was 
at length discovered that this excess of deposit in the larger sizes 
was roughly proportional to the volume of the electrolyte and the 
authors have called this the “volume effect.” It seemed prob¬ 
able that this was due to traces of impurity which had not been 
eliminated from the electrolyte and led to an extended investi¬ 
gation of the purifying and testing of silver nitrate As a result 
of this work, electrolyte was‘prepared which satisfied all the 
criteria for punty and brought the large sizes of voltameters into 
agreement with the small porous cup voltameter, thus justifying 
its previtfus use as a standard form The effect of slight con- 
taimnation of the electrolyte in this small size must have been 
almost neghgible as the results obtained with it have been amply 
justified by the subsequent work As the experiments progressed 
the “volume effect” was found to be a very useful mdieation of 
the purity of the electrolyte, revealing the presence of impurities 
too small in amount to visibly affect the crystalline structure of 
the silver deposit It is not claimed that this phenomenon of 
heavier deposits in large voltameters is a new discovery, for it 
was observed m the work of Lord Rayleigh nearly thirty years 
ago and has been asenbed to various cauhes, but the authors do 
believe that its significance has not been appreciated before, nor 
the correct explanation for it given 

U sing the mean of 44 of the most reliable deternunations made 
in the small porous cup form of voltameter dunng the period 
December, 1909, to April, 1910, the authors have obtamed as the 
value for the Weston Normal Cell at 20®C on the present basis 

1 01827» volts. 

This IS very close to the value recorded in the first senes of 
measurements and is probably more rehable. 

Several determinations were made in which two voltameters 
were maintained at 60°C by external heating coils dunng the 
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passage of the current, for comparihon with two similar voltame¬ 
ters at room temperature (about 20°C) The results indicate 
that there is no temperature coefficient as Kohlrausch and Weber 
also have shown in a different wa>. It is believed that the 
reasons other observers have found increased deposits in voltame¬ 
ters at higher temperatures is because the chemical activity of 
impurities in their electrolyte would naturally increase with the 
nse in temperature. 

Two gold dishes similar m design to the smaller platmum 
dishes previously used were purchased for comparison. By tabu¬ 
lating the differences m deposit between the gold and platinum 
cathodes in each case where no other differences in the voltameter 
existed it was found as a result o} twenty-mne comparisons that 
the deposits in the gold dishes were lighter by 1 4 parts in 100,000 
which may be regarded as indicating the substantial agreement 
of the two materials * 

Some further woik was done with the Poggendorff form but 
the lesults were not encouraging and hence attention was directed 
chiefly to the foi ms that had proved more reliable and the purifi¬ 
cation and tcffting of the electrolyte in anticipation of the cooper¬ 
ate e work with the lOnglish, French and German National I>ab- 
oratones which began in Washington April 1, 1910 

The most diflicult pioblems connected with the preparation of 
silvci nitrate for use in the voltameter are conceincd with the 
exclusion oi iemo\al of reducing impuntics and colloidal silver 
on the one hand and of uncombincd acid and base on the other 
The tests that have lieen developed for determimng the acidity 
of the solution are foi the purpose of determining the uncombined 
acid or base rather than the absolute hydrogen ion concentration 

The usual methods of testing the neutrality of salts do not 
apply to silver nitrate Thus, toward btmus a silver nitrate solu¬ 
tion will react alkaline even after the addition of 1 part in 100,000 
of mtnc acid and a similar solution will react acid toward methyl 
orange after the addition of alkah provided the silver is not 
completely precipitated Other indicators also were tried. If 
the silver be precipitated from the silver nitrate solution by neu¬ 
tral KCl solution and the AgCl precipitate filtered off on asbestos 



ROSA, VINAL AND McDANIBL THE SILVER VOLTAMETER 43 


the filtrate will show a neutral reaction toward the various indi¬ 
cators if the onmnal AgNOi contained no uncombmcd acid or 
base By using lod-eosine as an indicator so httle as 1 part in 
1,000,000 of nitric acid (or alkah) added to the original AgNOi 
can be detected in the filtrate by titration with rimr HNOj or 
NaOH. The results have been expressed m terms of parts per 
million of the nitric acid 

For the detection of the more resistant forms of reducing 
impunties (pnncipally cellulose hydrates from filter paper) and 
colloidal silver a titration test with -nfjj KMnO« solution has 
proved very valuable The slightly acidifieil crystals of silver 
nitrate are fused as will be described for purifying the salt and 
dissolved m«water to form a 66 per cent solution Ten cubic 
centimeters of this solution is acidified by addmg 1 cc of con¬ 
centrated mtnc acid (free from nitrous acid) and the lo" n potas¬ 
sium permanganate solution added in 0 5 cc portions until the 
pink color persists for hve minutes or more The number of 
cubic centimeters thus required the authors have called the “per¬ 
manganate numlier” of the silver mtrate. In test cases this has 
been found to be proportional to tlie amounts of oxycelluloses 
previously added to the silver mtrate and very minute traces 
can thus readily be detected It is not claimed that the organic 
material is necesbarily oxidized completely but nevertheless the 
method is much more sensitive than any method of direct com¬ 
bustion would prove under the ciicumstances as well as bemg 
more expeditious By titrating these concentrated solutions of 
silver nitrate less than 0 (X)l per cent of colloidal sdver may be 
detected, a result that is of particular value m showing when 
over fusion of the salt has occurred m its preparation 

The water used was twice distilled in block tin and kept in 
bottles of especially prepared reustant glass Samples of it were 
frequently tested for its conductivity and alkalmity These weie, 
on the average, about 1 3 X 10~' reciprocal ohms and 0 6 parts 
in 1,000,600 respectively. The water in the stills was boiled by 
steam under pressure thereby avoiding the possibility of con¬ 
tamination by COi which may greatly increase the deposit m the 
voltameter. 
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For purifying the silver nitrate for use in the voltameter it is 
convenient to start with the best c. p. salt obtainable from the 
manufactunng chemists If this salt is repeatedly reciystaUised 
from neutral solution the resulting product shows a tendencj^Ho 
become basic which under certain conditions gives rise to the 
volume effect in the voltameter To avoid this condition it is 
necessary that the last mother liquor should be acid to the extent 
of from 0 1 to 1 per cent of the water present depending on the 
efficiency of the druning. In the present work a centrifuge has 
been employed and the crystallization earned out in porcelain, 
quartz and platmum vessels without any sigmficant differences 
in the final product It is best that the prehmmary recrystalli- 
zations should be made from strongly acid soluttons as this 
increases the yield of crystals owing to the less solubihty of the 
AgNOj and decreases the number of crjrstalhzationsrequired to. 
satisfy the permanganate test. 

Salt yieldmg the same result m the voltameter has also been 
prepared by recrystallization from strongly acid solution and 
subsequent fusion The fusion appears to break up the more 
resistant impunties contained and in some cases these come to 
the surface and may be readily removed by washing the surface 
of the fused cake ga suggested by Mr F. E Snuth The fusion 
also furnishes a ready means of controlling the amount of acid 
in the final product, but especial precautions must be taken 
Whether the silver nitrate is decomposed by heat when fused 
seems to depend less on the temperature than upon the amount 
of acid retained by the melted saJt. As soon as the last trace of 
acid IS expelled the salt begins to decompose mto silver oxide and 
colloidal metallic silver as shown by the tests with lod-eosine and 
potassium permanganate respectively By rcmovmg the salt 
from the furnace as soon as the last trace of sohd material has 
melted it is found that a small amount of acid (1 or 2 parts m 
100,000 of the sohd salt) is retained and that this is sufficient 
to prevent decomposition, and in a 10 per cent solution is negh- 
gible m the voltameter. 

Salt prepared in this way which is eatufactory for the voltame* 
ter IS invariably a beautiful pearl white and never darkened as 
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noted by some earlier observers The reasons why the salt recrys- 
talhzed and fused according to the well known researches of 
Richards and Forbes (although well suited for their purposes of 
atomic weight determinations) is not smtable for use m the 
voltameter can only be given adequately m the complete paper 
to be published in Bulletin of the Bureau of Standards It must 
sufB^ here to say that the authors have carefully followed their 
proc^ure and found the product unsmted for the voltameter, 
hrst because of the shght decomposition rcsultmg from the pro¬ 
longed fusion, and second because of the basicity formed from 
the repeated recrystallizations from neutral solutions 

In the fourth and last paper of this senes the results subse¬ 
quent to the work of the International Technical Committee will 
be given 'Aesc mclude expenments to determine the value of 
the Weston Normal Cell made with the highest precision and a 
discussion of the action of acid and base m the voltameter 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE PHILOSOPHICAL SOCIETY OF WASHINGTOl^ 

The 712th meeting waa held on October 12, 1912 In opening the 
meeting President Itosa remarked upon the present limitations m the 
field of the Society’s activities, but stated that it had had a long and 
honorable career. 

Mr L A Fischer of the Bureau of Standards addressed the Society 
on Some type^ of false weights and measures found in the United StateSf 
in which it waa pointed out that Congress has never adopted any of 
the standards now m customary use, altho it is the common impression 
that the yard, pound, gallon, and bushel arc fixed by le^slation instead, 
of being fixed by custom, which is true Due to the fact that we have 
no national legislation, the states have been compelled to enact legisla¬ 
tion entirely independent of one another, and often laws of neighlwnng 
states have conflicted As little or no attempt, however, was made to 
enforce them until recently, their diversity was of no importance 

A few years after the establishment of the Bureau of Standards or 
m 1904, mvitationfl were sent to the governors of the states to send 
delegates to a conference to be held m Washington the following year 
for the purpose of secunng uniform lawe and regulations for weights 
and measures Only eight states and the Distnct of Columbia sent 
delegates, but so much interest was manifested by the delegates who 
attended, as well as by the authonties in those states which, foi one 
reason or another, were unable to send representatives, that it was 
decided to hold subsequent conferences each year Alt^ether seven 
conferences have been held, and much work of a constructive nature 
has been accomplished A model law was drafted, and this law has 
been adopted with modifications to suit particular states, by thirteen 
states In order to bring homo to the authonties m the states that 
failed to bt'come interested m the movement for better conditions, and 
also for the purpose of asMsting the weights and measures officios in 
the states that were active, the Bureau maile an investigation of the 
conditions of the weights and measures in general use thruout the 
country, as well as to investigate the manner of their use Every state 
m the Umon was visited, and inspections were made m 184 cities or 
towns ranging m size from New York City, with a population of 4,500,- 
000 , to Carson Chty, Nevada, with a population of 2200 A numb^ 
of stores using weights and measures were visited m each town or city 
and the condition of the scales, weights and meaHures was noted. 

46. 



PBOCEEDINOS. PHILOSOPHICAL SOCIETY 


47 


Something over 30,000 bcalce, weighta and measures were tested, and 
about 46 per cent of the scales were found to be 3 per cent or more in 
error, mostly favoring the dealer • 

A little less than 4000 pnnts of butter were also weighed, and an 
average shortage of 0 05 ounce per pound or 3 26 per cent was found, 
taking the esti^tes of the Bureau of Standards as to the consumption 
of butter per capita, and assuming that 30 per cent of the butter is sold 
m the form of pnnto, and is retailed at 33 cents per pound, it is found 
that there is a loss to the consumers of the country of S3,228,000 from 
this one item, and that this shortage is not accidental is shown by the 
fact that prints of the same brand of butter sold in two cities, one of 
which had an ordinance requiring the net weight to be marked on the 
outside of the pnnt, while the other hail no such reqmrement, were full 
one-poimd m the fii^ case while conmutcntly short in the second 

The results of the investigations were commumcated to the state 
officials and to mditiduals interested in weighta and mcabures reform 
in the states, and contributed very largely to the passage of the excel¬ 
lent laws recently adopted by the states 
The activitj^f the states has brought out the fact that some national 
legislation is necessary, in order to umfy the standards and methods, and 
bills to effect this are now before Congress 

The 713th meeting of the Society was held on October 26, 1912, 
Vice-President Fischer presiding Two papers were read 
The 19IS excursion of the American Geographteal Society Mr W J 
IIimPHnETS, of the U S Weather Bureau 
This excursion, trans-continental in scope, was eminently successful, 
and was in celebration of the sixtieth anniversary of the founding of 
the American Geographical Society ond of the completion of its new 
home Prof W M Davis had charge of the arrangements of the tnp, 
and of the personnel which consisted principally of ihstinguished per¬ 
sons from thirteen different European countries, more than half of 
whom were men the most eminent in their branches of work 
The special tram on which the party traveled and its equipment were 
mentioned, and the route of travel and points of interest visited were 
bnefly outlined and illustrated by a number of interesting lantern 
slides The results of the tnp were bnefly summanzed, among which 
may be mentioned the very favorable impression that the visitors re¬ 
ceived of America 

At the conclusion of Dr Humphrey's paper the Secretary was for¬ 
mally directed to communicate to the American Geographical Society 
this Society’s deep appreciation and thanks for the inception and suc¬ 
cessful execution of this memorable excursion, which must be productive 
of great and lasting good, not only thru its beneflt to geography but 
also and especially by reason of the lundly personal relations thus estab¬ 
lished between learned and influential Europeans and Americans 
Some reeulte of the new method of gravity reduction William Bowie, 
of the Coast and Geodetic Survey This Journal 2 499 1912 



The 714th meeting was held on November 9, 1912 The following 
papeni were read 

Media of high refraction for uee with the tmcroacope H E Mbrwin, 
of the Geophysical Laboratory The chief purpose of the results de¬ 
scribed was to make possible tho identification of minerals The micro¬ 
scope can be used for determination of lefractive index of all solutions 
that are not opaque A refractive index chart was exhibited covenng 
a range of 1 5 to 3 0, and the physical properties of the mixture used to 
get this range were described This range of media can bo made 
standard by weighing out the materialh The absorption and heat 
effects wore spoken of, and the vanations of some of tho media were 
described 

The lait meeting of the International Geodetic Conference at Hamburg 
O II Tittmann, of the Coast and Geodetic Survey A bnef account 
was given of tho nngm and growth of what is now the International 
Geodetic Association, and of its present organization and its work, this 
being ^llowoil by a bnef outhne of what the Hamburg meeting dealt 
with The moclo of government of the State of Hainburg was men¬ 
tioned About no delegates attended the conference from the 20 dif¬ 
ferent countries represented Much interest was taken in the reports 
on the vanation of latitude work, and the next most important question 
was tnangulatiun, of which the United States has generally reported 
the most work done Isostasy was not much discussed The social 
functions and points of interest visited were spoken of 
Under Informal tommunicahona Hr Tittmann spoke of an automo¬ 
bile without springs, invented by Josef Hofmann, the pianist, and Mr 
Bowie called attention to the completion of the marking of the boundary 
between Alaska and Canada north of the Yukon River, under the direc¬ 
tion of Mr Tittmann os commibbioncr on the part of the United States 
Before closing the meeting the chair announced the death of Dr 
Robert Fletcher a post president of the Society 

The 715th meeting, held on November 23, 1912, was devoted to a 
general discussion of The application of Ihe mtcroaeope to physical prob¬ 
lems, the ojienmg paper being given by Mr F E Wrioht 
In introdu(‘ing the subject the speaker grouped the uses of the micro¬ 
scope under three principal heads, (1) Qualitative, as a mamifymg 
glass, a seeing instrument, (2) as a measuring device, and as an 
optical instrument, such as for measuring the optical properties of min¬ 
erals Types of microbcopes were exhibited and their construction and 
mampulation desenbed, illustrating the above mentioned uses of micro¬ 
scopes A number of accessones were also spoken pf which are designed 
to facilitate and extend the use of the microM ope, espei tally as a meat«- 
uring and optical instrument In the dibcussion which followed * 
Mr Bhioos spoke of his experience with the ultra-violet mioroseope, 
pointing out its advantages and disadvantages, and tile methods em¬ 
ployed to overcome the disadvantages, such as finding the object to be 
seen after it is on the stage, in which resort was had to the uso of a 
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fluorescent screen, against which it was difficult to focus the microscope 
The focubing is assisted by the use of monochromatic blue liglit 

Messrs Rosa and Vinal mentioned the use of the micniscope in 
connection with the determination of the ampere^ with the silver voltam- 
c*ter, particularly wnth reference to the method of growth of silver 
crystals and the effect on their appearance when impunties ore prcsi'nt 

Mr BuROEbb described a noieropyrometer which is convenient for 
meobunng melting points of microscopic samples 

Historical aspects and the present status of the microscope were 
discussed by Messrs Wead, Fenneu, Merwin* Nuttino, llTiMPHUEYrt 
and Ttllyeh The laht emphasizing the use of the blue* line of the 
mercury lamp as illuminator and suggesting an improved form of 
projection eye-piece 

Tlie 71Gth meeting was held on December 7, 1912 Two pajM^rs wore 
read 

A connstent theory of the origin of the tnrlh'^ magnetic field L. A 
Bader, of the Carnegie Institution of Washington See this Journal 3 
I 1913 

The earth indfictor as an indinmneter N E Dorsey, of the Carnegie 
Institution of Washington The speaker gave an outline of the thwiry 
of the earth inductor with a continuously rotating coil and commutator 
When thermal electromotive forces exist m the circuit the setting of 
the (Oil for a zero glavanometer defleetion depends upon the speed, if 
however, the axis ot rotation lies in the magnetic mendian this ettect 
of vanations in the spiked is usually veiy small A method for adjust¬ 
ing the brushes so that commutation h^I take place when the plane 
of the toil IS parallel to the inclination axis was described When the 
bruehw aie thus set, and the inchnation of the coil is so adjusted that 
the deflection of the galvanometer is mdi^pondent, in both magnitude 
and direction, of the direction of rotation of the coil, provided the speed 
IS the same in both cases, then the (hrectiou of the axis of the coil is 
evietly the direction that would Ik* taken by a perfect dip nec*dle plac<*<i 
with its pivots parallel to the inclination axis of the inductor This is 
true for all azimuths, and is mdopeuclent of the presence of thermal 
electromotive forces, provulwl that they are independent of the din c- 
tion of rotation of tlic coil For use at sea it is the mean value of the 
galvanometer deflection that must be independent of the direction of 
rotation 

The 42d annual (717 regular) meeting was held on December 21, 
1912, \ice-Preflident Burgess m the chair The meeting was devoted 
to hearing the annual reports of the officers andto theelettionof officers 
£or 1913, the following being chosen President, C Cl Awnor, Nice- 
presidents, L A Fischer, W S Eichelbekoeb, G K Burgess, 
William Bow^ec, Treasurer, R B HobMAN, Secretaries, W J Hum¬ 
phreys and J A Fleming General Committee N E Dorsey, L J 
Bnumb, E Buckingham, B R Green, E G FibCHER, R A Harris, 
F A Wolff, D L Hazard, R L Farts 

11 L Faiub, Secretary 
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The 260th meeting, the 6n(t meeting for the fall, was held in the 
CoHmoH Club, November 13, President Stanton m the chair As an 
informal commumcation F C Schrader gave a brief account of an 
occurrence of bauxite m vertical fissure vein deposits thru limestone 
in the Bovard district of southern Nevada 

BEQ0nA.B PBOORAM 

The work of the Conservation Congress David Wurra Mr White 
was introduc^ as the new Chief Geologist of the Geological Survey, 
this being the first public announcement of his appointment to succera 
Mr Lini^P^n He was received with hearty applause 

Reconnaissance tn the Southern Wasatch Mountains G F Louohlin. 
The speaker presented certam structural and stratigraphic data col¬ 
lected dunng a reconnaissance survey of the ore deposits m the Wasatch 
Mountains from the Cottonwood district southward to the northern 
part of the Mt Nebo ndge The only Pre-Cambnan exposure south 
of the Cottonwood canyons is a band of Pre-Cambnan granite and 
schist') extending for a mile along the base of the Santaquin ndge This 
band is overlain unconformably bv Cambnan quartzite about 800 feet 
thick The Cambnan quartzite was found to include the occurrences 
mapped by the Fortietli Parallel Survey as the Ogden (Devoman) 
quartzite The "OKdpu” quartzite in the Cottonwood distnct proved 
to be a portion of the Cambnan, overthrust upon Madison (lower 
Mississippian) and older hmcstone, shale memberb in the overthrust 
quartzite carrying Cambnan fossilb Blackwelder’s elimination of the 
Ogden quartzite m the northern Wasatch country is thus confirmed 
The “Ogden” quartzite in the Cottonwood, as well as in the Amencan 
Fork and ^ovo districts is overlain by the regular succession of Cam¬ 
bnan to Mississippian limestones—the same succession as is found above 
the Cambnan quartzite on the Santaqum ndge; but the thickness of 
the pre-Mississippian limestones is much less than in the Bear River 
ndge to the north or in the Tintic range to the southwest 

The stratigraphic section in the Cottonwood distnct is continuous 
from the Pr^ambnan thru the Triassic, but southward the Weber 
(Ponnsylvanian) have been bevelled off by an unconformity, smee 
Eocene (Wasatch?) conglomerate, east of the Santaqum nd(^, rests 
unconformably upon the upper Mistassippion West of Santaquin a 
veneer of the Eocene conglomerate rests upon prc-Mississippian lime¬ 
stone, and in the Sevier River Canyon, the same conglomerate rests 
upon Cambnan quartzite, thus showing that the whole Paleozoic section 
was bevelled by the unionfoimity At all these locabties the Eocene 
conglomerate is covered by patches of volcanic rocks, chiefly by a 
coarse andesitic breccia • * 

The pnncipal structures noted are (1) westward overthrusts, including 
that already mentioned in the Cottonwood distnct and others at ^|nta- 
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qum and 7 miles still further south, Cambrian quartzite m every case 
overriding Miasissippian lunestone; (3) local ooming and eastward 
reverse faulting around the intrusive Cottonwood gramte stock, (3) 
fissunng and imnendization following the Cottonwood intrusion, (4) 
late normal (block) faulting which developed the Basin range The 
latter is especially well exposed m the low wertem flanking ndges ^tween 
Mt Nebo and Santaqum, where the faults which he along draresEdons 
can be proved by the discordant relations of the bed rock The block 
faulting took place after the post-Eocene volcamo eruptions 
New data on the "Knox d^omite" in Tennessee and the "Ozarkian” 
tn Missouri. E O. Ulbich. Robebt AmiEBaON, Secretary. 

At the 26lBt meeting, held at the Cosmos Club on November 27. 
1912, under informal communications, the following paper was pre¬ 
sent^ 

An occurrence of petroleum near Cody, Wyoming D F Hbwett A 
petroleum spring was observed under umque conations in the Akaroka 
Mountains, in northwestern Wyoming, during the summer of 1912 It 
18 located on the west bank of Sweetwater Creek, 2^ miles north of its 
junction with the North Fork of Shoshone River, and is therefore about 
28 miles due west of the town of Cody The geology of the region is 
desenbed by Hague in Folio No 52, and the spring is situated m the 
basic andesite flows of Miocene age on the line (Lat 40* 30') between 
the Ishawooa and Crandall sheets 

The spnng is unique m that it lies withm 100 yards of several small 
sulfur deposits, situated on the east side of Sweetwater Creek The 
sulfur deposits arc identical in nature to those 12 miles north on Sun¬ 
light Creek, which were exammed m 1911, and a report upon which 
appears in U S Geological Survey Bulletin No 530, part O, 1911 
Inc deposits embrace two classes of matenal ( 1 ) sulfur which hes along 
the walls of open fractures in the lavas, and from which gases con¬ 
taining CCh, CH 4 and H|S are issuing, and ( 2 ) sulfur filling the mter- 
stices of gravels and surface d 6 bns along stream channels The second 
class of matenal probably covers fracture zones The oil spring is 
opposite an area 100 feet square into which prospect pits have bmn 
sunk showing sulfur cementing angular rock debris to a depth of 9 feet 
Other smaller deposits of sulfur lie 700 feet farther up the creek 
Oil was first recugmzed issuing from the sands aborning the creek 
In the hole which was dug aloi^ the bank, water and oil slowly 
accumulated and several quarts of clear light oil were thus collected 
dunng the summer of 1911 Dunng the wntcr’s visit a pit was dug 
near the location of the old one whi^ had been destroyed by freshets 
The sand at this point is dark brown and has an asphaltic odor, but 
Otherwise is such as would form bars along rapid mountain streams 
In the short time at the writer’s disposal ouy enough oil was collected 
to give assurance of its identification, but not enough for analysis 
Tho the superficial rocks of this region are igneous fiows and breccias, 
thes* rocks overlie a great thuckness of sedimentary rocks ranging m 
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age from (^ambnan to Eoceiio, the Mesozoic section alone being approxi¬ 
mately 14,(MK) feet thick 25 nulon east The sandstones of the Lower 
Cretaceous arc oil-beormg near Cody, and the oik arc light, relatively 
clear, and have a paraffin base Kvidcnce in nearby regions shows that 
the sedimentary rocks are much folded and that the lavas are out by 
many intniate fractures, some of which, at least, are of recent ongm. 
Sandstones outcrop on Shoshone River, miles south of the oil spring 
and about 400 feet lower, so that the lavas at the sulphur deposit are 
probably not ovoi 500 feet thick 

The oil IS probably to be traced to the sedimentary rocks, but its 
close relation to the sulfur deposits w unusual 

RWsVUlIL program 

The Jophn lead and zinc deposnth C E Sirbbnthal 

*Sf(oadnr 2 / enriihweni in silver E R Bastin Microscopic studies of 
specimens of silver ore collected by E S Bastm and J M Hill from 
the mincH near Lawson, C^lear Creek County, Colorado, and near C’*an- 
bou, m Boulder (^ouniv, show that the ores owe their value largely to 
downi^ard sulfide enrichment The nch socomlary sulfides are devel¬ 
oped not only in cracks m the original ore, but as mctasomatic replace¬ 
ments of galena and quarts Kketclies were exhibited lilubtratmg such 
replacement In the bohef that such phenomena were of rather wide¬ 
spread occurrencHs a specimen collet ti'd by W H Weed from the Big 
Seven mine, Noihart distnet, Montana, was polished and exanouned 
under the microscope Replacements similar to those in the Colorado 
oies were well shown by the Montana hpecimen 

Ceitain inmeralogieal differences between thi* ores which exhibited 
ennchmt'ut m silver and other ores m the thstiut which thd not exhibit 
such replacement wen* point'd out R W Rn uSe<ntary 

PROGRAMS AND ANNOUNCEMENTS 

THE WiVSHINGTON ACADEMY OF SC IENCES 

January 30 at 8 15 pm. Cosmos Club Assembl> Hall Illustrated 
lot ture by Dr Arthur L Day, Sonic observations on the volcano) Kilauea 
ta action 

THE BOTANICAL SOCIETY OF WASHINGTON 

The 86th regular meeting of the Botanical Society of Washington will 
be held in the Assembly Hull of the Cosmos t'lub at 8 p m , Tuesday, 
February 4, 1913 

BCIENTIFIG PROGRAM 

Bnef Notes and Reviews of Literature . 

T H Kearney, Indicator value of naturtd vegetation in the Tooele 
Valley 

H B Shaw, The control of seed production in beete 

The progiam will be followed by a social hour, with refreshments. 
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PHYSICS .—Suggestions for frost protection. Kabl F Keluch- 
MAif, Bureau of Plant Industry 

The high thermal capacity of water has made possible the 
development of more or less elaborate enclosed systems for warm¬ 
ing air spaces, such as livmg rooms, but very httle attention has 
been p>aid to the utilisation of water in efforts to protect orchards 
from frost. It would seem, however, that the rapid and efficient 
distribution of heat occasionally necessary in orchards, where 
modem systems of frost prevention are employed, could be con¬ 
trolled more satisfactorily and with less expense thru a develop¬ 
ment of water-heating systems. 

The rapid evaporation when fine sprays of water are driven 
into the open air in summer weather has a coohng effect, due to 
the absorption from the air of a quantity of heat equal to the 
latent heat of vaporization of the water evaporated, which is so 
far in excess of the quantity of heat dehvered to the system by 
the water mtroduced, that a short experiment under these con¬ 
ditions 18 misleading The rapid decrease, with decreasing tem¬ 
perature, of the tension of aqueous vapor would make easily 
possible the artificial saturation of air at or below 0”. As soon 
as this artificial dew-pomt has been established the high calorific 
value of water vapor, or finely divided particles of water, would 
become operative. 

Three methods of thus utilizing water appear possible. (1) the 
atomizing, or spraying by the use of power sprays, of fine mists 

68 
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of water which might be warmed at a central station, (2) the 
suspension of pans holding small quantities of water above each 
of the file pots now in use, and (3) the pumping, thru a permanent • 
system of pipes, of steam generated at a central station and mixed 
with large quantities oi air to prevent condensation m the pipes. 

While there would be a considerablo water economy m the 
use of steam by either the second or third methods, the feasi¬ 
bility of water heating will be sufficiently well illustrated by 
describing with approximate figures the theoretical possibihties 
of only the first method 

If we neglect for the moment the effect of evaporation and the 
presence of water vapor in the air, the heat hberated by 1 hter 
of water in coolmg from 90° to 0° C is, in round numbers, cap¬ 
able of raising the temperature of 296,100 hters of air from 
— 1° to 0°C To raise the temperature of a column of air 3.29 
meterH high and covering 1 hectare from — 1° to 0° should there- 
foie take approximately 111 liters of water at 00° Assuming 
that the humidity of such a column of air was 80 per cent, and 
that at a temperature of -1° it would be saturated by 155 hters 
of water, the evaporation of the 31 hters of watei required for 
saturation would absorb heat equivalent to that given off in 
cooling 184 hters from 60° to 0 The very small quantity of 
hot water, about I liter, reqvured to raise the temperature of 
this aqueous vapor from — 1° to 0° is almost neghgible For the 
rise of each degree, however, approximately 1 1 hters must go to 
saturate the column of air under discussion, and m evaporating 
this quantity of water heat is absorbed eqmvalent to that given 
off in lowenng 7 4 hters of water from 90° to 0° The total 
quantity of water at 90° which must be thoroly distributed to 
cause the initial rise from — 1° to 0° of the an column 3 29 meters 
high, covering 1 hectare, is therefore 111 + 1 + 208.0 -f- 7.4 ■■ 
328 3 hters, the subsequent nse from 0°’to 1° would reqmre 
111 + 1 +11 + 74 1205 hters of water at00°, themorease 

from 1° to 2° would require 111 + 1 + 25 + 7.4 - 121.0 hters of 
water at 90°, and the increase from 2° to 3° would require 111 + 

1 + 3 9 + 7.4 - 123 3 hters at 90°. 

For a body of an 26 feet deep, covering 1 acre, 86 7 gallons of 
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water at 104°F. would be necessaiy to raise the temperature 
from 30.2°F. to 32®F., if the humidity was 80 per cent, 31 8 gal¬ 
lons more would be required to raise the temperature to 33.8°F , 
32 2 gallons additional for 35 6°F , and 32 6 gallons additional 
for 37 4°F Probably much larger quantities would be necessary 
in actual practice, due to loss of heat by convection currents, 
4)y imperfect distnbution of the water and by the radiation con- 
tmually takmg place mto the air outside of the heated zone 

In still air this proposed vapor system has the advantage of 
the protective quahty of the fog thus artificially produced, due 
both to lessening the radiation from the earth and to the heat 
given off if the water particles actually began to freeze 

GEOLOGY .—Some variations in Uppei Cretaceous stratigraphy ‘ 
Timothy W Stanton. 

That the stratigraphic development of the Cretaceous has 
been different in distinct basins of sedimentation is well under¬ 
stood No one would think of applying the same set of form¬ 
ation names to the Upper Cretaceous nicks of the Rocky Moun¬ 
tain region and to those of the Atlantic coastal plain or to those 
of the Pacific border. The physical conditions of sedimentation 
were very different and they have resulted in different lithologic 
successions and in more or less distmct faunal iacies The fact 
that there is great local vanation, often within short distances, 
in a single area like that of the Rocky Mountains and odjoimng 
Great Plains has been slower of recogmtion It is true that the 
otttension of more detailed work, especially when accompanied 
by areal mapping, has brought such local variations mto prom¬ 
inence m many places but their importance has apparently often 
been overlooked by geologists, whose natural tendency is to 
apply the old established stratigraphic standards when they 
enter neighboring new fields, even when they realize that the 
standards must be warped and th' new facts distorted in order 
to make the adjustment 

It may be of interest to cite a few cases of local vanation, taking 

, ^ Published by permusion of the DireoioT of the United States Geological Siir- 
Yoy. Presidential address delivered before tho Geological Society of Washiiig- 
ton, December 11, 1912 
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the examples Mitirely from the region of the Rocky Mountains 
and adjacent plains, from central New Mexico northward to the 
Canadian boundary and confining them to that part of the U^ier 
Cretaceous column which is withm the limits of marine sedimen¬ 
tation for the region and does not mvolve any possible uncon¬ 
formities 

The classic upper Missouri section of Meek and Hayden* 
recogmzed only five formations, vis. 


Fox HiUn AandHtonc 

500 

Fort PieiTo ohale 

700 

Niobrara hmeatone 

200 

Fort Denton shale 

800 

Dakota sandstone 

400 

(Dee Section No 1, p 58) 



The thicknesses given were of course mere estimates based 
on rapid reconnaissance over great distances, the type localities 
being scattered from eastern Nebraska to central Montana 
The section actually passed far to the west of the area in which 
the Niobrara limestone is developed and crossed a region where 
a l6Uge part of the Pierre shale is represented by littoral, estuarine, 
and terrestnal deposits With his standard Cretaceous section 
recognizing only two sandstones, one at the top and the other at 
the bottom, it is no wonder that Hayden wavered in his assign¬ 
ment of the sandstones beneath the Judith River formation, 
sometimes referring th^ doubtfully to the Dakota and later 
correlating them with the Fo^ Hills. 

The geologists of the Fortieth Parallel Survey found that the 
Niobrara did not retam its hthologic character so as to be recog¬ 
nisable over a large part of the area surveyed by them and they 
therefore attempted to map as one great shale group all the rocks 
lying between the Dakota and the Fox Hills. They also apprec¬ 
iated the fact that the Cretaceous sediments m the neighbor¬ 
hood of the Wasatch Mountains, at Coalville, Utah, for example, 
include an unusual development of sandstones thruout the 
section, which they attributed to near shore conditions, but if 
they did not succeed in making a consistent map and section of 
the Upper Cretaoeous it was largely because they adopted the 

' Proc Acad Nat Sci, Philadelphia, 1801, p 410 
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id^ that there are no important or persistent sandstones between 
the Dakota and the Fox Hills, while the fact is that in the area 
of their map this interval mcludes two thick coal-hearinK form¬ 
ations m which sandstones are the dominant feature. 

Evidently at least one new standard section, with modified 
nomenclature, was needed and this was furnished in southwestern 
Colorado. Holmes and others on the Hayden Survey nearly 
forty years ago had shown that the stratigraphic development 
difi'ered considerably from that of the sections in the upper Mis¬ 
souri region and m Colorado east of the mountains In the 
course of the areal work under the direction of Cross, the grouping 
and nomenclature of Holmes’ section were modified and pub- 
hshed in the La Plata and Tellunde fohos’ from which the fol¬ 
lowing descriptions are condensed (Section No 2, p 58) 

Lewis shale More or less sandy gray or drab shale with thin lenses 
or concretions of impure limestone T^ckncss m Durango quadrangle, 
2000 feet ♦ 

Mesaverde formation. Alternating sandstones and shales with occa¬ 
sional marls or thm limestones and a number of coal bods Lower 250 
feet form a transition from Mancos shale followed by heavy sandstone 
125 feet thick At top a massive sandstone 25 feet thick Total thick¬ 
ness, 1000 feet 

Afancos shale. Soft, dark-gray or almost black carbonaceous clay 
shale contaimng thin lenses or concretions of impure limestone Thick¬ 
ness, 1200 feet 

Dakota sandstone Gray or rusty brown quartzose sandstone with 
variable conglomerate 100 to 300 feet 

The names Lewis, Mesaverde ^and Mancos have since been 
apphed with varying success and acceptability thruout western 
Colorado, northwestern New Mexico, eastern Utah, and south¬ 
ern Wyoming As described m the different areas each of the^e 
formations vanes greatly in thickness and considerably in hth- 
ologic character For the purpose of showing tho nature of this 
vanation let us take the Mancos shale which over a large area is 
limited above and below by the eaaly recognized Mesaverde 
formation and the Dakota sandstone, respectively In the type 
section just west of the La Plata quadrangle the Mancos con¬ 
sists of 1200 feet of dark gray shale contaimng some lenses or 
concretions of impure limeatone, but in the Tellunde quadrangle 

■ Ueologic atlu of tho United States, Folio 60 and 67 
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UPPER CRETACEOU6 SECTIONS 

Sec E 

SoLfthweot 

Colorado 
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/ 
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/ 
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/ 

Sec I / 
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(Meek and H9pder$ 

I 
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/ 

/ 

/ 

Rbx Hille 

/ 
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Pierre 



Dakofa 


Lewis 


Sec 3 
Case Salazar 
New Mexico 


Mesaverde 


Mancos 


Mancos 


Dakota 


Dakolafn 


Seo.4 

Lacuna 
New Mexico 
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UPPER CRETACEOUS SECTIONS 

Sec. 6 

Blackfeet Indian 
Reservation 


Sca/e //nch^Soo/b&t 




Sec 5 

Judith, Mont 



JudHh River 







St Mary River 
(non-mtxrtne) 


Sandstone with 

recurrent 

fauna (mam^ 


Bear Raw 


Sandstone, clays 
end shales 

(non-manne) 
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a short distance to the north it is Raid to be 2000 feet thick and 
IB described as ‘ ‘ gray sandy shale with calcareous bands and sand¬ 
stones ” Eastward, however, for nearly 100 miles thru the La 
Plata and Durango quadrangles and on to Monero, New Mexico, 
the work of Schrader* and Gardner' has shown that the Manoos 
shale maintains about the same thickness and character as at 
the type locality From Monero southward along the eastern 
border of the great San Juan area, past El Vado to GaUina and 
beyond, a distance of about 50 miles, it continues to be essentially 
a shale with no conspicuous sandstone intercalations On this 
pomt the observations of Lee and Stanton on a recent recon¬ 
naissance f^m Mbuquerque to Monero confirm the descriptions 
of Gardner who mentions a sandstone 30 feet thick, 275 feet 
below the top of the Mancos, 10 miles north of Gallina and states 
that farther south the upper part of the formation consists of 
300 feet of argillaceous sandstone and sandy shale grading up mto 
the Mesaverde formation The important pomt to be remem¬ 
bered is that so far the lower three-fourths of the Manoos con- 
tarns no sandstones except a band usually about 50 feet thick, 
of yellowish thin-bedded, shaly, somewhat calcareous sandstone 
and sandy shale, characterized by Ostrea lugubru, Scaphttes 
warreni, and Pnonocyclut wyomxngeruu, representing one of the 
most useful, widespread and |>ereistent faunal zones in the Upper 
Cretaceous of the Rocky Mountain region. At Mancos this 
honzon is about 400 feet above the Dakota but the distance from 
the Dakota vanes considerably, doubtless on account of vana- 
tion in the rate of sedimentation. 

South of Galhna along the west base of Naoiemento Moun¬ 
tains structural complications and an overlap of the Tertiary 
prevent continuous observation of the Mancos for about 20 miles 
but the overlying Mesaverde is readily recogmzed when it 
reappears and is continuously exposed to the neighborhood of 
Cabezon where it swin^ west with a low northerly dip. From 
that pomt Bouthw&rd the underlying rocks, includmg the Man¬ 
cos, are splendidly exposed along the Rio Puerco for 35 miles to 

* U B Ueol Surrey, Bull 285, pp 241-268 

MJ S Geol Survey, Bull 341, pp 336^1 Jour of Geology, U 702-741 
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San Ygnacio where they have been described in general terms 
by Hemck* and Johnson and in greater detail by W. T. Lee.^ 
The Mancos is here expanded to a thickness of fully 2000 feet 
and it mcludes several cliff-making sandstones so that its general 
aspect IS greatly altered (Section No. 3, p 58.) 

The upper 800 feet or more consist of more or less sandy shale, 
generally weathering yellowish, with many bands and lenses of 
soft sandstone. Beneath this is a maamve, yellowish, cliff-makiiig 
sandstone approximately 100 feet thick separated by 350 feet 
of dark shale from the brownish, shaly, calcareous sandstone 
i^hich forms the zone of Ostrea htgubns and Scaphttea warreni 
already mentioned. Beneath this zone is another dark shale, 
about 500 feet thick, followed by Hemck and Johnson’s “Tree 
Hermanos” sandstone which consists of two distinct massive 
beds 66 feet and 37 feet thick, respectively, separated by about 
50 feet of dark shale. Another dark shale, 55 to 60 feet thick, 
intervenes between the basal bed of the ’’Tres Hermanos” sand¬ 
stone and another somewhat variable sandstone which seems to 
reprint the Dakota, although it is here only from 25 to 40 feet 
thick 

The section of the Mancos just described is all well exposed in 
the west side of Pneta Mesa on the Rio Puerco near the viUage of 
C'asa Salazar and the sandstones, especially the ”Tres Hermanos,” 
make conspicuous cliffs on frequent exposures for 25 miles 
along the Ibo Puerco. There are minor variations m the thick¬ 
ness of individual members but the generid character is consistent 
thruout this distance. According to the faunal evidence the 
1200 feet of rocks unmediately above the Dakota (?) should all 
be correlated with the Colorado group, and this part of the sec¬ 
tion instead of being all shale, as ui the typical Mancos, includes 
at least 200 feet of sandstone m three massive beds A still 
further increase m the sandstones of the part of the section cor¬ 
responding to the "Tres Hermanos” sandstone and associated 

» 

* Geology of the Albuquerque sheet (New Mexiro) Denison Univ 8ei Lab 
Bull vol XI, art ix, pp 17^239 

^ Htratigraphy of the coal fields of northern central New Mexuo Bull Geol 
8or An S8 671-686. 
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phaloB may be seen at J/ag;una, Now Mexico, about 30 miles 
southwest of the exposures just described. Here within the 350 
feet immediately above the Dakota (^),* which is 86 feet thick, 
there are three ma.ssive chff-making bandstones instead of two, 
and the overlying 75 feet beneath the lava cap is a sandy shale 
with soft sandstone bands Manne fossils are abundant and 
characteristic so that there is ample evidence for detailed correla¬ 
tion (Section No 4, p 58 ) 

These New Mexican exposures may perhaps all be legitimately 
called Mancoh though it may be questionable practice in the 
‘ locahties most remote from well rccogmzed Mesaverde. In south¬ 
ern Utah where the name is not appropriate the equivalent of 
the lower, or Colorado portion of the Mancos may still be very 
dehmlely determined by means of two or moie paleontologic 
zones which are common to southern Utah and the part of New 
Mexico which has just been discussed Sections recently studied 
by Hichardbon" in Kanab Valley and further west in the Colob 
plateau show a thickemng of this part of the section and a greater 
development of sand stone as compared with the New Mexican 
section, together with the intercalation of coal beds and brackish 
and fresh-water sediments in the basal portion. They also show 
according to unpubhshed data great local increase in the relative 
proportion of sandstone and m the total thickness of the sedi¬ 
ments m passing a short distance west from Kanab Valley 
Some of these southern Utah sections sliow close resemblance 
to the Coalville section in northern Utah and it in turn has many 
points in common with the immensely thick section descnbeld 
by Veatch'" and Schultz" in Uinta County, Wyoming, the south¬ 
west corner of the state In the Uinta county section beneath 
the “Laramie” formation m descending order come the Hilliard 
shale, consibtmg of gray to black sandy shale and shaly sandstones 

* Darton has published a Bection uf the Cretaceous rui kn exposed 2 miles north¬ 
east of Laguna (U 8 Cicol Survey Bull 485, p 60) in which numbers 8 and 0 cor¬ 
respond to the DokotaC?) of m> section The underlying rocks, over 300 feet in 
thi( knchs are suggestive of Morrison 

•U 8 fScol Survey, Bull, 341, pp 370-400 
>0 U 8 Gcol Survey, Prof Paper No 56 
“ Ibid , Bull 316, pp 212-241 
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6300 to 6800 feet thick, the coal-bearing Frontier formation with 
yellow and gray sandstone, yellow, gray and black carbonaceous 
shales and numerous coal beds, 2200 to 260U feet thick, the Aspen 
'shale, 1500 to 2000 feet thick, and the fresh- and brackish-water 
Bear River formation which attains a thickness of 6000 feet. 

For the present purpose the cluef interest m this gieat section 
hes in the fact that it is so unhko the sections in areas a short 
distance to the east, as at Rock Springs, 70 miles cast, described 
by Schultz,'* and m the Rawhna distnet, 80 miles farther east, 
described by Vcatch,*’ Ball,'^ and E E Smith In these more 
eastern sections the Bear River is absent as might be expected 
Its place in the section is occupied by a thin repiesentative of 
the Dakota sandstone The Frontier is faintly recognizable in 
a comparatively thin sandstone-beanng formation without coal 
It IS overlain by a great mass of dark clay shale, sandy sliale 
and shaly sandstone 4000 to 6000 feet thick followed by a thick ' 
and very important coal-beanng formation and a marine shale 
for which the names Mesaverde and Lewis, respectively, have 
been brought in from (^olorado Assuming that Mesaverde is 
here correctly identified the logical treatment would be to apply 
the name Mancos to all the rocks between the Mesaverde and 
the Dakota but on account of the great thickness of those beds 
and their partial differentiation mto members that have come 
in from other areas on the east and west this has not yet been 
done The Mesaverde and Lewis together appaiently represent, 
m part at least, the Hilhard shale of the Uinta (bounty section 
Both these sections show very great thickening so that the total 
sediments from the base of the Mmicos or Colorado up, amount 
to more than 10,000 feet. The chief difference hes in the tact 
that the Umta County section develops a great ooal-boanng 
formation of sandstone and shale in the lower port withm the 
equivalent of the Colorado group, while the Rock Springs and 
more eastern sections have no coal in that part of the column but 

“US Qeol Survey, Bull 341, pp 2!i6-282 

<• Ibid , Bull 316, pp 244-360 
Ibid , BuU 341, pp 243-256 

>• Ibid , Bull 341, pp 220-242 
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develop a Eoinilar great coal-beanng formation in the upper or 
Montana portion These widely different neighboring sections 
seem to mo to represent the varied and shifting sediments laid ^ 
down in and on the borders of a single body of water. Slight 
warping of the surface, or local changes m the rate of sedimenta¬ 
tion from whatever cause, would serve to shift the area of sea 
and coastal swamp from time to time 

One more standard section, with the changes and vanations 
in its formations as they are followed away from their typical 
area, remains to be exaimned. In connection with their strat¬ 
igraphic study of the Judith River formation Stanton and 
Hatcher^* established the following succession in northern central 
Montana 

Bearpaw shale Dark clay shale with manne fauna, 750 feet^ 

Judith River formation Vanable shales and soft sandstones with 
dinosaurs and other reptiles and fresh- and brackish-water invertebrates, 
500 feet 

Claggett formation Dark clay shale with several beds of sandstone 
especially in the upper portion Manne fosstls throughout—^those of 
the sand^nes containing many Fox Hills species, * 400 feet 
Eagle sandatone White, gray and yellowish sandstone with shale 
and coal m upper part Manne shells, land plants and dinosaurs, 
200 to 300 feet 

Colorado shale Dark manne shale, 800 feet or more 
(See Section No 6, p. 59) 

Compared with the southwestern Colorado section the top of 
the Colorado shale m this section is believed to be somewhat 
lower m the general column than the top of the Mancos but with 
this exception the Eagle, Claggett, and Judith River, taken to¬ 
gether, are comparable in a general way with the Mesaverde, 
and the Bearpaw is approximately in the position of the Lewis 
The formations above the Colorado shale described in the 
neighborhood of Judith, Montana, were found to be easily reo- 
ogmzable along the Missouri River in the type area above and 
below the mouth of Judith River, on Milk River from the neigh¬ 
borhood of Havre to the Canadian boundary and beyond, and 
southweird m the valley of the Musselshell These formations 
have smee been mapped by the geologists of the Fuel Section 

••US Geol Survey, Bull 357, pp 11-14 
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of the Survey over large areas m Montana and the hmits of 
their areal distnbution are now fairly well known The most 
persistent is the Eagle sandstone which has been recognized as 
far south as the Bighorn Basin and northwest to the western 
limit of the Great Plains m northern Montana The overlying 
Claggett, Judith River and Bearpaw formations in many local¬ 
ities lose their distinguishing features withm shorter distances 
None of them has been recognized as such east of the typical 
area In that direction the fresh- and brackish-water beds of 
the Judith River doubtless soon grade laterally mto manno shale 
so that there is no basis for distinguishing Claggett and Bearpaw 
from Pierre Toward the south and west, on the other hand, 
the manne sediments of the Claggett and Bearpaw tend to be 
replaced and represented by estuanne and contmental deposits 
A stnking example of rapid variation of this kind has been 
deecnbed by Stone and Calvert^’ in the area surrounding the 
Crazy Mountams where within a short distance the Claggett, 
Judith River and Bearpaw finger out, and at last completely 
lose their identity m andesitic tuffaceous deposits which have 
1’ m included m the Livingston formation 
(Conditions somewhat similar, except for the absence of vol- 
camc material, are found m the Bighorn Basin where tho Eagle 
sandstone is recogmzed but the attempts to apply CUaggett, 
Judith River and Bearpaw to the overlying formations have 
not been much more successful than the earher attempts to 
apply the Meek and Hayden nomenclature in the same area 
The manne Bearpaw shale just enters the northern end of the 
basin as a thin bed which soon wedges out completely The 
reports of Woodruffs and Washburne** and the unpublished, 
more detailed work of Hcwett show that over a large part of 
the Bighorn Basm especially on the west side there are no manne 
sediments above the Eagle sandstone, which is itself there only 
m Hma.n part manne, and that the thick interval between the 
Eagle and the well-identified Fort Union is oecupied by fresh- 

" EcoDonuc Qeolonr, S 661-667, bSi-flOO. 741-764,1910 
.‘•US Geol Survey, Bull 841, pp 200-31<> 

>• Ibid , Bull 841, 166-100 
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water or continental deposits which, while very irregular and 
varied, are yet uniform throughout m the character of their 
variation. That the time equivalents of Claggett, Judith River 
and Bearpaw, as well as the overlying Lance, are all mcluded in 
these non-marine deposits seems to me the most reasonable 
assumption, tho it is perhaps not yet capable of complete proof. 

Another area m which there is a different development of the 
rocks between the Eagle sandstone and the Bearpaw shale is the 
Blackfeot Indian Reservation m Montana just south of the 
Canadian boundary and east of the Rocky Mountain front some¬ 
what more than 100 miles northwest of Judith. (Section No. 
6, p 59.) Dunng the past two seasons the areal mapping and 
detailed stratigraphy have been done by Mr. Eugene Stebmger 
thru whose courtesy I am permitted to make these general state¬ 
ments based on his detailed work and on data obtuned during 
two visits which I have made to the field. The Eagle sandstone 
rebtmg on Colorado shale with a low dip to the west is normally 
developed and forms a conspicuous escarpment extendmg from 
near Cutbank in a northerly or northeasterly direction to the 
Canadian hne The Bearpaw shale of typical character and with 
a marine fauna, here somewhat meagerly developed, is nearly 
500 feet thick. Between these two formations there are almost 
2(X)0 feet of sediments in which no practicable formation bound¬ 
aries can bo drawn and which Stebmger has therefore mapped 
as a umt altho it must include the time equivalents of both Clag¬ 
gett and Judith River Lithologically it has a closer resemblance 
to Judith River and like that formation it is essentially non- 
manne It rontams Unio, Viviparus, and other fresh-water sheik) 
at various horizons from the top to within 200 feet of the base 
There are also dinosaurs and land plants, and locally thm brack¬ 
ish-water beds are found with Ostrea, Corbula and Corbicula, 
chpecially at the top and m the lower portions. No evidence 
of marine fossils or sediments had been found m the formation 
until September of this year when at the town of Cutbank I 
found marine fossils locally abundant in a sandstone 50 feet 
thick which forms the top of the east wall of the gorge of Cutba^ 
Creek about half a mile south of the town. The horizon b not 
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more than 300 feet above the Eagle sandstone and hence should 
be in the equivalent of the Claggett formation. Or, to locate 
it more accurately, according to Mr Stebmger it is immediately 
above the honson of a thin coal which he has traced down the 
creek from the “Allison mine” a few miles northwest. 

Now the marine fossils found at this place belong to the fauna 
which occurs in the sandstones of the Claggett formation at 
its type locality and mclude among the more abundant and con¬ 
spicuous forms Tancredia amencana, Cardium apeaosum, Mactra 
formoaa, etc This is the fauna which in the past Meek, White, 
Stanton, and others have called a typical Fox Hills fauna because 
these conspicuous and abundant forms—^the dominant species as 
Prof H. S Wilhams calls them—do recur m the Fox Hills sand¬ 
stone at the top of the Cretaceous column. 

This recurrent fauna when it reaehes the Fox Hills is, of course, 
not absolutely identical with the sandstone fauna of the Claggett, 
but there are enough conspicuous, identical species to make iden¬ 
tification of the horizon uncertain unless the collections are com¬ 
plete or the stratigraphic details fully known Recurrent faunas 
are often troublesome and embarrassmg to the stratigraphic 
paleontologist and still more so to the stratigrapher who is not 
a paleontologist It is even difficult to prove that the fauna is 
recurrent at a higher horizon when the two localities are as far 
separated as central Montana and the middle of South Dakota, 
as they are in the case of the type locahties of the Claggett and 
the Fox Hills, although the stratigraphic position of the Claggett 
was determined in 1903 independently of the evidence of that 
particular fauna and in contradiction of the interpretation that 
had been placed on it There are also many locahtiee now known 
where the stratigraphic position of the fauna in question, at one 
nr the other of the two honzons, is well determmed. For these 
reasons the argument set forth in a recent article by A C. Peale*<* 
that the upper sandstones of the Claggett are identical with the 
Fox Hills IS altogether fallacious in so far as it is based on htho- 
logic and faunal resemblances Nevertheless it was gratifying 
to |ind this Claggett-Fox Hills fauna in the normal position of 

>• Jour of Geology, 90 A30-640, 640-662, 738-787, 1012 « 
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the Claggett formation and again recumng about 2000 feet 
higher m the same section where there is no reason to question 
the structure or stratigraphic position At Cutbank the fossilB 
are about 300 feet above the Eagle or more than 1500 feet below 
the Bearpaw From this locality there are practically contin¬ 
uous exposures down Cutbank Creek to its mouth where the base 
of the Eagle is exposed Thence westward up Two Medicine 
Creek there are continuous exposures and simple structure up to 
and thru the Bearpaw with its 500 feet of dark shale Above 
the Bearpaw is a sandstone which makes conspicuous chffs 
near the Holy Family Mission (Family P. O) on Two Medicine 
('reek Here and at other exposures farther west on the creek 
it yielded Tancredia americana, Cardium apenoaum, Mactra, etc , 
identical with those found at the much lower horizon, together 
with a number of other forms not found there This sandstone 
IS approximately m the position ot the Fox Hills and is doubtless 
the same sandstone which Dawson identified as Fox Hills m the 
adjacent area on the north, tho from the evidence at hand it 
would be rash to say that it is strictly identical with the Fox Hills 
of South Dakota At most locahtics where it has been examined 
111 the Blackfcct re8er\ation it has proved unfossiliferous or 
yielded only Oatrea aubtngonalts and other brackish-water fonns 
which are found both in Dawson’s St Mary River formation 
above it and m tho beds beneath the Bearpaw, but here, on Two 
Medicme Creek, there was an incursion of strictly manno water 
with an abundant fauna of Fox Hills type 
After this brief digression m pursuit of a recurrent fauna let 
us return, fur a few moments, to the mam topic, which is contem¬ 
porary variation in sedimentation and its beonng on strati¬ 
graphy and geological history The sedimentary records of the 
Blackfeet country, aided by the paleontologic evidence, show 
that during the long quiet deposition of the Colorado shale and 
while the Eagle sandstone was bemg laid down by tho stronger 
currents of tho shallowing sea the physical conditions there were 
about the same as m a largo area on the east and southeast. 
Later, during Claggett time, while purely marine conditions ^ill 
prevailed a short distance to the east, near Judith, for example, 
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the Blackfeet country was shghtly elevated so that it was occupied 
by coastal swamps and lagoons only a few feet above tide into 
which shght depressive movements occasionally brought local 
and temporary brackish waters and still more rarely a brief incur¬ 
sion of tile sea, as is proved in one case by the fossils found at 
Cutbank The Bearpaw shale marks a more important manne 
incursion which probably covered the whole area and continued 
for some time though it is questionable whether it lasted as long 
here as it did in central Montana At the close of Bearpaw sed¬ 
imentation there was clearly another considerable period of trans¬ 
ition when the area wavered near tide level and receivwi first 
manne and then brackish-water sediments before land conditions 
were at last permanently estabhshed 

We are now in position to understand the difficulties which 
Dawson” encountered m descnbmg and interpretmg his section 
of the “Belly River senes’' along Milk River north of the inter¬ 
national boundary It was anothci case of applying the ter¬ 
minology of a single section thru a long stretch of country in which 
the stratigraphic development vaned In the eastern portion 
where Dawson got tho best evidence that the “Belly River” is 
intercalated between two manne formations the section is like 
that at the mouth of Judith River while in the western portion 
it lb the same as in the Blackfeet Indian reservation In 1903 
Hatcher and Stanton visited the locahties near Pakowki Lake 
and correctly identified as Claggott the “lower dark shale” there 
exposed beneath the “Belly Ri\cr,” thus establishing the iden¬ 
tity of the “Belly River” of that section with the Judith River 
formation The mappmg of Stebinger has now shown that tho 
“lower dark shale” on the escarpment of Rocky Spring Plateau 
about 40 miles west of Pakowki I^ike is Colorado shale and Daw¬ 
son’s “Belly River” from that point west includes the Eagle 
sandstone and all the overlying rocks to the base of the Bearpaw 
Between these two locahties the marine C3aggett shale has merged 
into non-manne sandstones and shales 

In conclusion the general statement is jusf * id that the Upper 
Cretaceous sediments of the Rocky Mountain region show as 

“Oeol Survey of Canada, Kept for 1882-83-84, pp 111C-126C ' 
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great contemporary local variation in a single basm as may be 
‘found m the deposits now forming along any modem coast. The 
local character of many of the beds, the rapidity with which they 
merge laterally into others of unlik e hthologic character make 
it necessary to use many local formation names. They should 
also make the geologist cautious m his mterprotations of the 
absence of any particular bed or formation When, for exadiple, 
a sandstone which forms the top of the manne Cretaceous sec¬ 
tion m one area is absent m another area its absence may be 
due to erosion, but its apparent absence may also be due to the 
fact that the sandstone is there represented by a shale or by 
non-maniie deposits of a totally different character. 

GEOCHEMISTRY —ChaicocUe deposition. Abthub C. Spen- 
CEB, Geological Survey. ‘ 

The most common secondary sulfide m many copper numng 
distncts is chalcocite, occurring under conditions which mdicate 
that deposition has taken place from solutions containing copper 
sulfate. It 18 not difficult to show that the direct or indirMt 
source of this dissolved copper compound is chalcopynte which 
may be termed primary, and it is a matter of observation that 
the same double sulfide of iron and copper is a very effective 
precipitant or localuer of chalcocite IVnte has been usually 
regarded as the most common nucleus for secondary chalcocite, 
but m certain districts chalcopynte must be recognised as occu- 
pymg this rdle instead of pynte The presence and proportion 
of chalcocite in ores now bemg mmed on a largo scale m several 
distncts detemunes their commercial value This is notably true 
of the so-called porphyry ores m which the metalhc sulfides are 
thoroly disseminated thru great masses of rock. 

In 1003 H y Winchell* published the results of expenments 
devised to indicate the probable conditions under which chalco¬ 
cite has been deposited in the veins of the Butte distnct from 
waters carrying cupnc sulfate The determining agent in the 
deposition was thought to be^SOt, and later* A. N. Wmchell il 

^ Publuihcd by ponniBSion of the Director 

'Bull Oeol Boo Am 14 369-276 1903 

* Economic Geology 8 200-294 1907 
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showed that S0| is actually one of the products when pynte 
undergoes oxidation In a recent discussion of this subject Tol- 
man,^ who was associated with H. V Winchell, has used the results 
of these two investigations as the basis for an understanding of 
the chemistry of secondary chalcocite Previously, however, it 
had been argued by Lindgren,* that the scheme suggested by 
Wmchell is open to criticism because no mdication is given 
as to how SOf genraated in the upper oxidizing zone could reach 
the situs of chalcocite deposition, since it would be destroyed m 
transit by contact with products of pynte decomposition 

On its face this reasomng against the Winchell hypothesis 
appears to be adequate, but tiie fuller analysiB here presented 
tends to show that 80i may still bo an actual factor m the reac¬ 
tion. Since the writer does not have that unwavenng faith 
which would find m every balanced chemical equation a truth 
of fundamental value, it is recogmzed that the equations of the 
series here given afford no demonstration They do however, 
furnish a convenient shorthand to assist in analytical discussion, 
and some of them are allowable expressions of known actions. 

Chalcocite, deposited m molecular replacement of primary sul¬ 
fides, 18 a Bide product of the culminating reaction m a senes of 
oxidizing effects which occur in situations where water and air 
penetrate from the surface to cupnferous sulfide-beanng rock or 
vein stuff The full senes of reactions may be divided conven¬ 
iently and logically mto three groups, assignable to a higher, an 
mtermediate, and a lower position m the body of sulfide-contain- 
ing matenal If considered with respect to the minerals which 
suffer decomposition these reactions present a succession of oxi¬ 
dations, while with respect to the active solution the changes are 
of course as consistently in the direction of reduction Group 
I comprises the reactions of complete oxidation on the upper 
edge of an ore body where free oxygen is present. Group II 
comprises reactions ensuing at shghtly greater depth and involv¬ 
ing oxidation of sulfides (both primary and secondary) by con¬ 
tact with feme sulfate. Group III, occumng at still greater 

• 

^ Min Soi Fren lOS 42 1013 

* Copper dopoflita of Chfton-Morenci Prof Paper U 8 (Jeol Survey No 43, 
p 184 1000 
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depth, includes oxidation of sulfides fpnmary only) by contact 
with cupnc sulfate Or, if the solution is considerod rather than 
the minerals with which it comes into contact, the three groups 
of reactions mvolve successively depletion of free oxygen; reduc¬ 
tion of feme to ferrous sulfate, and fin^y the decomposition 
of cupnc sulfate denved from previous reactions This last 
reaction is, as a whole, one of double decomposition m which 
soluble ferrous sulfate and insoluble cuprous sulfide are formed 
at the expense of cupnc sulfate and pynte or chalcopyiite 

Several of the equations which may bo wntten to represent 
tentatively the thiee sets of reactions outlined above are current 
in the literature treating of sulhde oxidation and ennehment. 
Others have been supphed by the wnter to complete what may 
bo called natural or obvious sequences It is beheved that no 
one of the equations presented contemplates the concomitance of 
bodies that arc chcnucally incompatible 

Group I. Intermediate equations and final equation repre¬ 
senting reactions in the upper zone of complete oxidation 


FeS, -h 60 = FeS04 + SO, (1) 

FeS, -H 11,0 + 70 - F0SO4 + H,S 04 ( 2 ) 

2FeS0i -|- H 4 SO 4 -|- O " Fej(S 04 ), + H,0 (3) 

2FeH, + H 4 O + 150 - Fe,(S 04 ), + H,S 04 (4)« 

Group II Intermediate equations and final equation indi¬ 
cating oxidation of pynte by feme sulfate This salt is one of 
the soluble products indicated by cquation(4) 

FeS, -h Fe,(S 04 ), » 3 FeS 04 + 2S (6) 

S Fc,(S 04), - 2FeS04 + 280, (6) 

SO, + 2H,0 + Fe,(S04), = 2FeS04 + 2H,S04 (7) 

FeS, + 8H,0 -I- 7 Fc,(S 04 ), - 15FcS04 + 8H,S04 (8)» 


To this group of equations may be added one representing the 
decomposition of chalcocitc and the simultaneous reduction of 
feme sulfate 

• Derived from equations (2) and (.1) by subslitution Where ibalcopynte 
IS present a coTrrapondiiiR equation will indicate the format ion of CuSO, instead 
of Hd :104 

» Derived from thi fan going equations Note that(8) is strictly comparable 
with (4) 
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Cu,S + 2 Fe(S 04 ), - 4 FeS 04 +S+ 2 CuS 04 

Group III Intermediate equations and final equation indi¬ 
cating the last stage of pyrite oxidation where oupne sulfate is 
the reagent, and chalcocite a side product 

2FeS, + 2 CuS 04 = Cu,S + 2FeS04 + 3S (9) 

3S + 2 OUSO 4 = CujS + 480t (19) 

6S0, + 6H,0 + 2 CUSO 4 - Cu,S + 6 H»S 04 (11) 

6FeS, + 14 CuS 04 + 12U,0 = 7Cu,S + 5 FeS 04 + 12 H ^04 (12)* 

Equations analogous to (12) but involving chalcopynte and 
sphal^te in place of pynte are the following 

5CuFeS, + IICUSO 4 + 8H,0 =8Cu,S + 5 FeS 04 + 8 H,S 04 (13) 

5ZnS + 8CUSO4 + 4H,0 - 4Cu,S + 5 ZnS 04 + 4 HiS 04 (14) 

Here, in the interest of completeness, may be introduced the 
Stokes equation representing the change pynte to covelhte, and 
the analogous equation mvolving chalcopynte 

4J’eS, + 7 CuS 04 + 4H,0 = 7C’uS + 4 FeS 04 + 4 H ^04 (15)» 
CuFeSs + CUSO 4 ■* 2ruS + FeS 04 (16) 

It 18 to be noted that equation (5) which is given by Stokes**’ 
is stated by him to conform with the observation that on expo¬ 
sure to the air, pyrite yields free sulfur which may be detected 
by extraction with ether Also equation (6) conforms with the 
results of experimental oxidation of pynte by H N Wmchell” 
and 18 in accord with observation as recorded by Gottschalk and 
Buehlcr >• 

Of the expressions under Group III, equations (9) and (10) are 
seen to be analogous to equations (5) and (6), and if the latter 
are real it may be thought likely that the former are In any 
event it is almost obvious that equations (9) to (11) were used 

* Donvod from tho foregoing equulionH Thin o\pri*Hgionf which is to be cred¬ 
ited to Stokes, was first printed m the i%uik uf Lindgren ulroady cited (p 183 ) 
where the reader is led to infer that the equation was tested by quantitative de¬ 
termination of the Ht904 formed See also Stokes, Kionomic Geology, 8 22, 
1907 

* Stokes, H N , lot cit 

U 8 Gool Survey Bull 186, pp 16 and 19, 1001 

Loc cit 

Economic Geology 7 10, 1012 
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by Stokes m deducing equation (12), and it is perhaps sufficiently 
accurate to regard this chemist as their sponsor As equation 
(10) 18 to this extent plausible it may be suggested, not inappro¬ 
priately, as offering a link between the two hnes of investigation 
due to Winchell and Tolman on the one hand and to Stokes on 
the other Equation (10) shows at least the possibihty that SOi 
may be a product of chenucal reaction during the final stage of 
oxidation as well as dimng earher stages, or, in other words, it 
indicates that S0| may be evolved m the situs of chalcocite depo¬ 
sition as well as in those situations where feme sulfate undergoes 
reduction, as suggested by equation (6), or where free oxygen is 
being used as m equation (1) In this manner it may be possible 
to avoid the objection raised by Lindgren. 

Although the principal object of the 'present commumcation 
IS attained in a tentative reconciliation of the suggestion due to 
Winchell with the points urged against it by Lindgren, occasion 
may be taken to present certain adoitional considerations per- 
taimng to the Stokes equation and analogous expressions 

If the equations given are accepted as affording a working 
hjrpothesiB, it might be found that under experimental conditions 
the attack of cupnc sulfate on pynto, or preferably on chalcopy- 
nte, could be imtiated m the presence of a moderate amount of 
SOi and that when thus started the conversion might continue 
without further aid, proper environment being maintained by 
the presence of SOi currently evolved There are good reasons 
for the statement that chalcopynte is less stable than pynte in 
solutions contaimng salts of copper For the deposition of 
chalcocite, the chemical mechanism mvolved must be essentially 
identical in either case. 

When the pynte and chalcop^te equations are compared with 
respect to volume relations, in the conversion to ch^cocite by 
molecular replacement the former is found to demand expansion 
m the ratio 2 3, while the latter requires little if any volume in¬ 
crease. Acceptmg both equations, we might anticipate that pyr- 
ite would prove to bo a loss efficient agent than chalcopynte in 
chalcocite deposition. In the porphyry ore at Ely, Nevada, 
where grains of pnmary chalcopynte and pynte occur side by 
side the former are always more deeply coated with chalcocite 
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than the latter and usually the ratio of film thicknesses is greater 
than 3 ‘ 1 The suggested explanation is that replacement con- 
tmues only so long as space can be found for the necessary expan¬ 
sion, so that where p 3 rnte is the core inmeral for chalcocite 
deposition reaction would be inhibited much sooner than where 
chalcopyrite is the nucleus. 

Essentially the same volume relations appear in usmg the 
simplest possible expressions for complete reaction between cupnc 
sulfate and pynte or chalcopyrite when the product is covelhte— 
equations (15) and (16) It seems safe to predict, therefore, 
that chalcopyrite will be shown to be a more favorable nucleus 
than pyrite for receiving secondary covelhte 

The volume relations required by equation (14) show no essen¬ 
tial change, if sphalerite is transformed mto chalcocite—that is 
the ratio is nearly 1 ■ 1, a shght expansion being found by calcu¬ 
lation On the other hand, when sphalerite is converted to 
covelhte, if the reaction goes on molecularly according to the 
simplest equation which may be wntten, there is a diimnution 
of volume in the ratio 12 11. Other things being equal, it would 
seem that volume relations favor the deposition of covelhte rather 
than chalcocite where sphalerite comes into contact with copper 
sulfate solution. • 

Altho the equations which have been given as a basis for the 
foregoing discussions are speculative, it is hoped that the sys¬ 
tematic arrangement here presented may hasten experimental 
work which is needed before the chalcocite problem can be 
solved. 

MINERALOGY .—Immense bloedite crystals Preliminary note 

Waldbmar T Schaller, C^occal Survey 

A recent find of bloedite by ^^Hoyt S Oalo of the Geological 
Survey, is remarkable for the immense sise of'the crystals An 
extensive deposit of soda forms a crust on Soda Lake, in Carriso 
Flam, San Luis Obispo County, Cahforma This deposit has 
been desenbed by Arnold and Johnson' who give a detailed anal¬ 
ysis of the sahne crust which shows it to be a nearly pure sodium 

> Bull 380, U S Qeologieal Surrey, p 300 1008 
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sulfate with 1 66 per cent MgO In the black mud below this 
crust were found the isolated crystals bf bloedite—a hydrous 
magnebium-Hodium sulfate with 12 per cent MgO. 

The larger crystals have a chunk almost black appearance 
when the superficial coveiing of grey mud is removed tho the 
smaller crystals arc nearly colorless, the black appearance being 
due to impurities In places the larger crystals are likewise 
nearly colorless and translucent and in small pieces transparent. 
In fact, selected fragments are clear and glassy and together 
with the lack of cleavage, greatly resemble quartz fragments 

The largest cryntal at present on hand measures 16^ cm (6| 
inches) by 10^ cm by 3^ cm and weighs 652 grams. The crys¬ 
tals are flattened somewhat parallel to the base and show the 
followmg forms 

].arRe <-(001), rf(011), m(llO) 

Medium n(210), 77(111) 

Kmflll g(Ml), «(211), M(IU), J;(i21) 

The measurementH were made with a contact goniometer and 
gave the followmg rcbultH 
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The form x(i21) was dotfrmined by zonal relations 


An analysis of selected pure lltotorial gave the following 


n,o 

MkO 

HO. 


4 nalyni^ of blufdiie from Caltfornia 

21 37 
11 03 
18 26 
48 1 1 
90 67 


Those proportioub are close to those required by the formula 
NatMgfSO02.4H,O 
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PHYSIOLOGICAL BOTANY —The formation of leofmold^ 
Frederick V Coville, Department of Agriculture 

When the leaves of a tree fall to the ground they begin to decay 
and ultimately they are disintegrated and their substance becomeh 
mcorporated with the other elements of the soil The same 
thing happens with the leaves, stems, and roots of herbaceous 
plants. Such orgamc matter is one of the chief sources of food 
for plants, and its presence in the soil is therefore of fundamental 
importance in the maintenance of the vegetative mantle of the 
earth 

In a senes of experiments from 1906 to 1910 the speaker showed 
that a condition of acidity is a primary requirement of the blue- 
beny, laurel, tnuhng arbutus, and other plants associated with 
them m natural distnbution. Other kinds of plants and plant 
associations require on the contrary a neutral or alkaline soil 

It is the purpose of the present address to show how the leaves 
of trees in the process of the formation of leafmold produce at 
one tune or under one set of circumstances a condition of soil 
acidity, at another time or under other circumstances a condi¬ 
tion of alkalimty, and since the acidity of the sod is a fundamental 
factor in plant ecology, to point out that a knowleiige of certain 
phenomena m the decay of leaves is essential to a correct under¬ 
standing of the distnbution of vegetation over the surface of 
the earth and its adaptation to the uses of man 

In the early expenments with bluebemes it had been found 
that these plants grew successfully in ceitain acid soils com¬ 
posed chiefly of partially rotted oak leaves On the rather nat¬ 
ural assumption that the more thoro the decomposition of this 
matenal the more luxunant would be the growth of the blue¬ 
berry plants, some old oak le^mold was secured for further 
expenments It had been rotting for about five years and all 
evidences of leaf structure had disappeared It had become a 
black mellow vegetal mold 

When blueberry plants were placed in mixtures containing 
this mold they did not respond with luxunant growth On the 

' Address of the retiring President, oshing^on A< adoiay of 8( lonces, preaoiiltHi 
at the annual meeting of tho Academy, January 16, 1913 
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contrary their leaves turned purple and afterward yellowish, their 
fpowth dwindled to almost nothing, and at the end of the season 
when compared with other blueberry plants grown in a soil mix¬ 
ture in wWch the oak leafmold was replaced by only partially 
decomposed oak leaves the plants m the oak leafmold were found 
to weigh only one-fifth as much as the others This astonish¬ 
ing result 18 exactly contrary to the ordinary conception. Wo 
have been accustomed to beheve that the more thoroly decom¬ 
posed the orgamc matter of a soil the more luxuriant its vege¬ 
tation In this case, however, thoro decomposition of the soil 
was exceedingly injurious to the plants 

This remarkable difference in effect between partially decom¬ 
posed and thoroly decomposed oak leaves was found to be cor¬ 
related with a difference m the chemical reaction of the two mater¬ 
ials, the partially decomposed oak leaves being acid,%rhen tested 
with phenolphthalein, and the oak leafmold alkaline ’ 

With rose cuttmgs and alfalfa seeohngs m the same two soils 
exactly opposite results followed, those in the oak leafmold 
making a luxuriant growth, those in the partially decomposed 
oak leaves showing every sign of starvation. 

Every botanist is familiar with the nch woods where tnlbum, 
spnng beauty, mertensia, and bloodroot delight to grow, in a 
black mellow mold made up chiefly of rotted leaves He is 
familiar too with the sandy pme and oak woods where grow 
hucklebenies, laurel, princess pme, the pink lady’s shpper, and 
trailing arbutus The soil here also is made up chiefly of rotting 
leaves and roots Yet one does not look for tnUiums in laurel 
thickets, or for arbutus among the bloodroots Either habitat 
IS utterly repugnant to the plants of the other 
Tests of the two habitats show that the tnlhum soil is alkaline , 
the other acid, reactions corresponding exactly to those observed 
in the cultural experiments already described, rose cuttings and 
alfalfa requiring an alkahne soil, blueberries an acid soil. The 
difference is as conspicuous in nature as m the laboratory and 
the greenhouse What are the conditions under which rotting 
leaves develop these opposite chemical reactions? 

In a ravine m the Arlington National Cemetery, near Washing- 
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ton, where the autumn leaf fall from an oak grove has been 
dumped year after year for many years, every stage in the decom¬ 
position of oak leaves may be observed, from the first softemng 
of the dry brown leaf by rain to the black mellow leafmold in 
which all traces of leaf structure have disappeared. When 
freshly fallen the leaves show 0.4 normal acidity.* Those not 
famihar with the chemical oxpressioa “normal acidity” may per¬ 
haps most readily understand the term by reference to or^naiy 
lemon jmee, which has very nearly normal acidity in the chem¬ 
ical sense. Fresh oak leaves may be conceived therefore as hav¬ 
ing about one-third the acidity of lemon jmee, gram to cubic 
centimeter. From a soil standpoint such a degree of acidity is 
exceedingly high. Probably no tree or flowering plant could 
hve if its roots were imbedded m a soil as acid as this A correct 
appreciation &f the excessive acidity of freshly fallen leaves ena¬ 
bles one to understand why it is that the leaves of our lawn trees, 
if allowed to he and leach upon the grass, eithermjure ordestroy 
it On such neglected lawns the turf grows thin, mossy, and 
starved 

From the height of their imtud acidity it is a long descending 
course thru the various stag^ of leaf decomposition to the point 
of chemical neutrality, and then upward a lesser distance on 
the hill of alkahmty, in the black leafmold stage. 

In order to ascertam the rate of«decompoaition m leaves of 
vanous lands, observations were begun in the autumn of 1900 
on leaves of silver maple, sugar maple, red oak, and Virginia 
pine, exposed to the weather in barrels and m concrete pits In 
one experiment a mass of trodden silver maple leaves 2 feet in 
depth, with an imtial acidity of 0.02 normal, was reduced in a 
single year to a 3-inch layer of black mold contaimng only a few 
fragments of leaf skeletons and giving an alkaline reaction. In 
these experiments sugar maple leaves have shown a slower rate 
of decomposition than those of silver maple, while red oak leaves 
still show an acidity of 0.010 normal after three years of exposure, 

*For a desonption of the method followed in deteimining the acidity see 
Coville, 1910, p 27 Ezpenments in blueberry culture Bulletin 193, Bureau 
of Plant Industry, U 8 Dept Agri 
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and leaves of Virgiiua pine an acidity of 0 Q^5 normal under the 
same conditions 

The alkahmty of leafmold is due chiefly to the lime it contains, 
the lime content expressed in terms of calcium oxid often reach¬ 
ing 2 to 3 per cent of the dry weight One sample had a lime 
content of 3 55 p>er cent. Many of the soils that result directly 
and exclusively from the decomposition of hmestone have a 
lower percentage of lime than this. An alkaline leafmold con- 
taimng 2 to 3 per cent of hme is properly regarded as a highly 
calcareous soil. Yet such a deposit may lie formed in a region 
where the underlying soil is distinctly noncalcareous, the hme 
content of the soil being only n small fraction of I per cent and 
the soil reaction being acid Whence comes the abundance of 
lime in an alkaline, richly calcareous leafmold formed over a soil 
distinguished by an actual poverty of calcareous matter? 

If the leafmold is rich in lime the leaves from which it is de¬ 
rived should also be nch m lime A determination of the amount 
of calcium oxid m the dried freshly fallen leaves of some of our 
well known trees shows this to be true, as illustrated by the fol¬ 
lowing selections 


Ami 0/ /eoffz 

Pzr cfni of 
caU\um ox\d 

Hod OHk (Overrun rubra) 

1 73 

Silver nmplo ( trrr naichannum) 

1 8H 

Pin oiik (Qurreus /xdiufrM) 

1 91 

Hwoot pim {/jtquiflambar stffrarrflita) 

1 92 

Hiir oak (Qurrruji murrorar/Ms) 

2 39 

Sufcui m»vplr (Atcr ^ncr/uiru?;*) 

2 50 

Tulip tree (Ltrrodefidrarr /u/tpi/era) 

2 84 

ILckory (//if orta /ni/rmltrarformis) 

3 60 

(iingko (friniffo biMa) 

1 38 

It should be understood that the lime thus shown does not 


exist in the leaf in the form of actual calcium oxid It is largely 
combined wnth the acids of the leaf and serves m part to neutralize 
them, but is insufficient in amount to effect a complete neutral¬ 
ization In all the kinds of leaves and herbage thus far exanimed, 
the net result is an acid condition altho hme may be present in 
large amount Thus m the leaves of solver maple a condition 
of excessive acidity exists, about 0 9 normal, notwithstanding 
the presence of nearly 2 per cent of hme 
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As the deoomposition of such leaves progresses the acid sub¬ 
stances are disorganized and largely di^pated m the form of 
gases and hquids, while the lime being only slightly soluble 
remains with the residue of decomposition, the black leafmold, 
and renders it alkaline 

In soils poor in lime, trees and other plants constituting the 
vegetative mantle of the earth may be regarded as machines for 
concentraiang lime at the surface of the ground This lime u* 
drawn up by the roots in dilute solution from lower depths, is 
concentrated in the fohage, and the concentrate is transferred to 
the ground by the fall and decomposition of the leaves The 
proverbial agricultural fertihty of the virgin timberlands of our 
country was undoubtedly due m large part to the lime accum¬ 
ulated on the forest floor by the trees m preceding centunes, and 
to the consequent alkalimty of such surface soils when the tim¬ 
ber had been removed and the leaf htter was thoroly decomposed 
After a generation or two of reckless removal of crops the surface 
accumulation of lime was depleted and unless the underlymg soil 
was naturally calcareous a condition of infertihty ensued which 
for the purposes of ordinary agriculture could be remedied only 
by the artificial apphcation of lime. 

The chief agents in the decay of leaves are undoubtedly fungi 
and bacteria. There are other agencies, however, that contribute 
greatly to the rapidity of decay. Important among these are 
earthworms, larvae of flies and beetles, and myriapods or thou¬ 
sand-legged worms. Animals of all these groups exist m myriads 
in the leaf litter. They eat the leaves, grmd them, partially 
decompose them m the process of digestion, and restore them 
again to the soil, well prepared for the further decomposing 
action of the microscopic organisms of decay. 

The importance of earthworms in hastemng the decay of veg¬ 
etal matter was pomted out long ago by Darwm in his classical 
studies on that subject The importance of mynapods, however, 
as contributing to the formation of leafmold has not been ade¬ 
quately recognized. In the canyon of the Potoinac River, above 
Washington, on the steeper forested talus slopes, especially those 
facing northward, the formation of alkahne leafmold is in active 
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progress The purer deposits are found irr pockets among the 
rocks, where the leaf mold is not in contact with the nuneral 
soil and does not become mixed with it The slope directly oppo¬ 
site Plummer’s Island is a good example of such localitieH Here 
during all the warm months the fallen leaves of the mixed hard¬ 
wood forest are occupied by an army oi myriapods, the largest 
and most abundant l>eing a species known as Spirobolus margin- 
aim The adults are about 3 inches in length and a quarter of 
an inch m diameter They remam underneath the leaves m the 
day time and emerge m gieat numbers at night On one occa¬ 
sion a thousand were picked up, by Mr H H Barber, on an area 
10 by 100 feet, without disturbing the leaves On another occa¬ 
sion an area 4 by 20 feet yielded 320 of these mynapods, the leaf 
litter in this case being carefully seaiched Everywhere are evi¬ 
dences of the activity of these ammals m the deposits of ground 
up leaves and rotten wood Careful measurements of the work 
of the animals in captivity show that the excrement of the adults 
emounts to about half a cubic centimeter each per day It is 
estimated on the basis of the moist weight of the material that 
these animals are contiibutmg each year to the formation of 
leafinold at the rate of more than two tons per acre 

The decay of leaves is greatly accelerated also when the under¬ 
lying soil IS calcareous and alkaline, it being immatenal whether 
the hme is derived from a limestone formation or is a concentrate 
of tlie vegetation On the nch bottomland islands of the upper 
Potomac the autumn leaf full barely lasts thru tlie followmg 
summer, so rapid is its decay These bottomlands have an alka- 
Ime flora, and they are found to have an alkabno reaction, caused 
by the lime brought to them in the flood waters. 

The acceleration of leaf decay by an olkahne substratum is 
due to the prompt neutralization of the acid leacbmgs of the leaves 
and also to the fact that such a substratum harbors with great 
efficiency many of the most active organisms of decay, from bac¬ 
teria to earthworms 

It must not lie understood that in a state of nature the decom¬ 
position of leaves is always so simple and unif orm a process as 
has been described, or that it always results m the formation of 
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an alkabne leafmold The chief factors that contribute to the 
acceleration of leaf decay have already been enumerated, but 
there are other conditions of nature that obstruct and retard this 
process. Under certam conditions the progress of decomposi¬ 
tion may be permanently suspended long before the alkflline 
stage IS reached The soils thus formed, altho high in humus like 
a true leafmold, have an acid reaction and a wholly different 
flora 

Examples of such suspensions of leaf decay arc found in bogs, 
where the deposited vegetation is protected fiom the organisms 
of decay by submergence m non-alkalme water, and on uplands 
where the soil is derived from sand, sandstone, gramte, or schist, 
m which there is not enough lime or other basic matenal to 
neutralize the acidity of the decaying leaves 

There is of course a supply of lime in the leaves themselves, 
and as a new layer of leaves is added to the soil each year it 
might be expected that there would result an unlimited concen¬ 
tration of hme in the surface soil and that all surface soils that 
supported a growth of \egetation would ultimately become alka- 
hne Such an indefimto accumulation of hme is prevented, how¬ 
ever, by another factor which rcqmres consideration As soon 
as each successive layer of leaf litter is sufficiently decayed to 
pemut the roots of plants to enter it and feed upon it, the lime 
It contains, together with other mineral constituents, begms to 
be absorbed. This loss of hme from the decaymg leaves is suffic¬ 
ient, under many situations in nature, to prevent the decaying 
mass from reachmg the alkaline stage Decomposition is sus¬ 
pended while the leaf htter is still acid True leafmold, with an 
alkaline reaction, is never formed under such conditions The 
leaf deposit remains pennanently acid and such areas bear an 
acid flora. In the vicimty of Washington one often sees hills 
of quartz gravel, wmd-swept and ram-washed, where the soil 
contained httlo hme in the beginmng, and none could be brought 
by flood waters or by the dust of the atmosphere. Character¬ 
istic plants of such hills are black jack oak, trading arbutus, wdd 
pansy, azalea, and huckleberry, all plants adapted to acute con¬ 
ditions of acidity. If one's front yard happens to coincide with 
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what was once such a spot, let him not undertake the herculean 
task of growing roses and a bluegrass turf. Let his lawn be of 
redtop and his shrubs be asaleas, laurel, and rhododendrons. 

Another factor that contributes to the suspension of leaf decom- 
posifion 18 the acid leachings from each new deposit of autiunn 
leaves. Various acidity determinations show that after lymg 
exposed to the weather over wmter, leaves ordmanly have only 
one-fifth to one-tenth the acidity they possessed when they fell 
to the ground. It Iirs been found expenmentally that the leach¬ 
ings from fresh leaves will serve to acidulate an underlying soil 
of moderate alkalmity Unless therefore the conditions of a 
locality are such as to effect the decomposition of one year’s 
leaf fall before the next year’s deposit takes place, a permanent 
acid leaf cover is estabhshcd In many of the oak forests on the 
sandy coastal plain eastward from Washington there is a perman¬ 
ent accumulation of such material The roots of the trees and 
undershrubs bind the half-rotted leaves into a dense mat. The 
pnncipal trees are oaks The principal shrubs that make up 
the dense underbrush belong to the Ericaceae and related fam- 
ibes There is no mellow leafmold nor any of the leafmold plants 

This kind of mat or turf is of such widespread occurrence, is 
so distinct in its appearance, and so characteristic m the type of 
vegetation it supports that it should have a name of its own, in 
order that it may come to be recogmsed as one of the important 
phenomena of nature 

Because if its resemblance to bog peat in appearance, structure, 
and chonucal composition, and because it supports a t}rpe of 
vegetation similar to that of bog peat, it has been proposed to 
adopt for it the name upland peat As defined in an earher 
publication* upland peat is "a nonpaludose deposit of organic 
matter, chiefly leaves, in a condition of suspend^ and imperfect 
decomposition and still showmg its original leaf structure, the 
suspension of decomposition being due to the development and 
maintenance of an acid condition which is inimical to the growth 
of the nucro-organisms of decay.” 

' Coville, 1010, p 34 Expenmonta in blueberry culture Bulletin 103, Bureau 
of Plant InduBtiy, U S Dept Agn 
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Upland peat would have become leafmold had not the orderly 
normal course of leaf decomporatioa been suspended and con¬ 
ditions of acidity established which rendered the further progress 
of that decomposition impossible. 

The rate at which leaves decay is greatly influenced by tem¬ 
perature. In the cooler northern latitudes and at high elevar 
tions in lower latitudes the rate of decay is slower and the form¬ 
ation of upland peat is more general than in warmer clunates 
Except on calcareous soils the higher Apalachian peaks, from 
4000 to 6000 feet, bear an almost continuous layer of upland 
peat, from a few mches to a foot or more m depth * Their great 
rhododendron thickets are rooted m deep beds of upland peat 
The spruce forests of the higher New England mountams lay 
down a similar formation 

In the treeless west the decay of leaves where it is not actually 
suspended by dryness is rapid and complete. At the higher 
elevations, however, where the land begins to be timbered the 
orgamc matter does not fully decay, and in the heavily timbered 
areas the deposit of upland peat often becomes characteristic¬ 
ally deep and continuous In fighting creeping fires m the yellow 
pme forests at the lower elevations the favorite and most effective 
tool is the rake, which parts the hght leaf htter and puts a stop 
to the progress of the flames But in the dense fir and spruce 
timber the forest ranger’s chief tools are the spade and the mat¬ 
tock, with which he must cut through the thick layer of dry 
peat to the mineral soil beneath if he is to effectually combat a 
slowly creeping fire. 

So strong is the tendency to the formation of peat under the 
low temperatures and heavy precipitation of the l^gh mountains 
that even on limestone soils a superficial layer of upland peat is 
sometimes accumulated. Such a condition exists on innumer¬ 
able areas at an elevation of about 10,000 feet in the Manti 
National Forest of Utah On the basaltic plateau of extreme 
northeastern Oregon, where the soil is naturally alkalme in reac¬ 
tion the lodgepole pme and Dougla^^r forests at elevations of 
5000 feet and* over lay down a continuous bed of peat which sup¬ 
ports a oharactenstic acid flora. A quantitative test of one of 
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the acid flora soils of this region, at an elevation of 8000 feet, 
showed the customary high acidity at the surface, and succes¬ 
sively lower degrees of acidity underneath, until at the depth of 
5 feet, at the surface of the baj^tic rock, the reaction was neutral 

The group of plants that forms the best index to the acid char¬ 
acter of a soil IS the family Ericaceae, and the related families 
Vaccimace^ and Pyrolaceae When these occur in vigorous 
growth on a calcareous soil qr among calcareous rocks, as is some¬ 
times reported, one may expect to find, as the speaker in his own 
expenence has always found, that a layer of upland peat has 
been formed above the calcareous substratum and that m this 
superficial layei the roots of the plants find their nourishment, 
really in an acid medium, notwithstandmg the alkahmty beneath 

Continued observations on the association of certain types of 
wild plants with acid and non-acid soils, supported by cultural 
experiments, are in all respects confirmatory of the theory that 
soil acidity is one of the most influ3ntial factors m plant distribu¬ 
tion and plant ecology 

The relation of leafmold to the existence of acid or non-acid 
soil conditions may now be viewed with appreciative recogmtion 
If the conditions in any area are such that the decay of leaves 
follows the umnterruptcd course that leads to the formation of 
leafmold a state of soil alkahmty is reached, with all the resultant 
ciTects on the growth and distribution of the native vegetation 
If on the other hand the conditions are such that the course of 
decay is diverted into the channel that ends m the formation 
of peat, a condition of permanent acidity is indicated, with the 
accompaniment of all those pecuhar plant phenomena which are 
characteristic of such a state 

It IB perhaps desirable to call attention here to the fact that while 
partially decomposed vegetation appears to be the chief source of 
soil acidity there are mineral constituents of the soil, of wide 
distribution and great abundance, which are also acid m reaction. 
The acidity of which we hear so much m agricultural writings 
as characteristic of soils wdm out by long years of careless farm¬ 
ing 18 doubtless due in large part to a natural mineral acidity 
unsheathed by the removal of the hme that once neutralised 
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it for like the leaves of trees maDy of the crops of agriculture 
are heavy with lime and their uncompensated removal year after 
year has its inevitable cumulative result. 

The speaker hopes that he does not overstep the proper bounds 
of this address if he calls attention to conditions in bog deposits 
which almost exactly parallel the two types of terrestrial organic 
formation, leafmold and upland peat In bogs with alkaline 
waters, as for example those underlain by marl, a condition of 
permanent acidity is not maintained in the lower strata of the 
deposit. As far upward as the alkaline waters penetrate, the 
antiseptic acids arq not present, decay contmues, and the result¬ 
ing formation is not peat, but a plastic hne-gramed black mateiial 
that may best, perhaps, be designated by that much misused 
term muck. Muck corresponds in bog deposits to leafmold in 
upland deposits, contrasting with bog peat as leafmold contrasts 
with upland peat 

We may follow this idea one step further Coal is petrified 
peat As the purest peats are not formed in alkaline waters, 
it can not be expected that the best coal will bo found in situa¬ 
tions indicative of alkahne conditions If coal is found imme¬ 
diately overlying beds of marl or limestone it is to be expected 
that such coal will be of an impurd type correspondmg m origin 
to muck The speaker takes the hberty of suggesting to his 
geological friends that m reconstructmg m theory the climatic 
and other conditions under which the various kmds of coal were 
deposited they may safely hypothesize that the purer coals were 
laid down in waters that were acid 

Allusion has been made to the pccuhar characteristics of plants 
that inhabit peat Among these peculiarities perhaps none ip 
more remarkable than the presence of mycorhizal fungi on the 
roots of many, perhaps most, peat-lovmg plants It is known 
that peat is very poorly supplied with mtrogen in the form of 
nitrates, which most plants of alkahne soils appear to require. 
Orgamc mtrogen, however, is abundant in peat and there is 
very strong evidence that these myoorhual fungi take up this 
orgamc mtrogen, and possibly atmosphenc mtrogen also, and 
transfer it in some acceptable form to the plants in whose roots 
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they hve. Unfortunately the work of botanists on these fungi 
has been confined largely to the determination of the mere anar 
tomical fact of their occurrence on the roots or in certam of the 
root cells, with descriptions of their sise and configuration. Little 
attention has been paid to the isolation of the fungi, their culture 
and identification, or to the demonstration of their physiological 
action The only hypothesis, however, that satisfactorily ex^ 
plains'what already know about the fhycorhual fungi is that 
they prevent the mtrogen^starvation of peat-inhabiting plants. 
It 18 well known that certain peat-bog plants, as for example 
sundew, trap insects, digest them, and assimilate their nitrogen. 
It ^ to be hoped that withm a few years we shall be equally well 
informed about the function of the mycorhizal fungi But even 
now we may speak of their probable function with confidence. 

The mycorhizal fungi are known to occur on most of the trees 
that inhabit acid situations, for example chestnut, beech, oaks, 
and conifers The ordinary hillside pasture m New England is 
a mycorhizal cosmos. The clubmosses have them, the sweet 
fern, the bluebernes, the ferns, the orchids In our sandy pine 
and oak woods about Washington almost all the vegetation 
possesses mycorhizal fungi One comes to think of the giant 
oaks as dependent on these fmnute organisms. 

Were Solomon to wnte a new edition of the Proverbs today I 
am sure that he would tell us “There be four things which are 
little upon the earth, but they are exceeding strong,’’ and that 
among the four he would mclude “The httie brothers of the forest, 
they seek not the hght but the leafy earth, they prepare for the 
oak the strength that is his “ 

, Our American agnculture, derived in the main from the agri¬ 
culture of the Mediterranean region, and that in turn from the 
older agnculture of Persia, is chiefly made up of plants that 
thnve best in alkahne or neutral soils. Altho many of our soils 
m the eastern United States are naturally acid we try with only 
indiiTerent success to grow m them these alkaline plants of south¬ 
ern Europe and the East. Altho some of our agricultural plants 
are tolerant of acidity, our agnoulturists have not yet recognized 
the possibility of building up for acid soils a special agnculture 
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in which all the crops are acid-tolerant> We may yet, perhaps, 
utilize for agricultural purposes even the sandy acid lands of 
the coastal plain instead of turning them over as we now do to 
the lank huckleberry picker, whose lonesome garden is all that 
he is able to reclaim by present methods from the imaginaiy 
wilderness that surrounds him Yet these lands contain all sorts 
of dehcious native fn^, and a natural vegetatum nch and lux¬ 
uriant after its own ^ 

Had our agriculture onginated not in the alkahne soils of the 
Orient but among the aborigiiial peoples of the bogs of Scotland 
or of the sandy pine barrens of our Atlantic Coastal Plain we 
should have entirely different ideas of soil fertihty from those 
we now possess. If our cultivated fruits were large and otherwise 
improved forms of the blueberry, the service berry, the thorn- 
apple, and the beach plum, if our only grains were rye and buck¬ 
wheat and our only hay redtop and vetch, and if our root crops 
consisted of potatoes, carrots, and omons, our high-pnced agri¬ 
cultural lands would be the light sandy acid soils and the dramed 
bogs, while our deep hmestone soils would be condemned to use 
for the pasturage of cattle and of sheep 
Thus far man has devoted himself largely to the utilization 
of the plants of the leafmold, which have gathered up for him the 
wealth of the earth Let him now, I say, turn his attention also 
to the plants of the peat and tiy whether they will not yield to 
him in increased measure the luxuriance of foliage and of fruit 
that they have always yielded without assistance to nature 
herself 
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Authora of Boienfcific papers are requested to see that abstraets, preferably 
prepared and signed by themselvesi are forwarded promptly to the editors Each 
of the soientifio bureaus in Washington has a representative authorised to for¬ 
ward such material to this journal and abstracts of ofBoial pubbeationa should 
be transmitted t||^ugh the representative of the UMau in which they onginate 
The abstracts should conform in length and genenT style to those appearing in 
thu issue 

PHYSICAL CHEMISTRY —The binary f^ysiem NaiAl,SijO* (nephd- 
xUrCamegieite)- CiiAliSiiO® (onorfAi/c) N L Bowen American 
Journal of Science, 33 551—573 1912 

The study of the system NafAlfSisOs — CaAljSjjOs was undertaken 
because of the impKirtance of thc*=^ compounds as rook-formiiig con¬ 
stituents It was found that the soda compound exhibits enantiotropism 
with tlie inversion point at 1248® ITie low temperature foim (nophel- 
ite) crystallizes in the hexagonal byst-^m with a habit similar to that of 
natural nephclite The high-tomperature form is tnolimc It no 
natural analogue and has been given the name carnegieite Camegieite 
at 1526® 

The hmc compound occurs only in the tnclimc form, anorthite, and 
melts at 1550° 

Both carn^cito and nephelite are capable of holding the lime com¬ 
pound in solid solution, the former 5 per cent and the latter as much as 
35 per cent 

The effect of sobd bolution on the inversion-pomt was well shown by 
the hvbtem The temperature of inversion rises considerably as the 
amount of the lime compound in solid solution increases 

The optical constants of the components were carefully determined. 
Crystals of the artificial nephehte were measured on the gomometer 
and tJieir hexagonal nature confirmed It was especially gratifying to 
he able to determine definitely the variation, with composition, of the 
optieal properties of the hexagonal mix-crystals (nephehte) With 
increasing proportion of the lime molecule the hircfiingence of 0.004 
(negative) becomes less, passes through zero, and finally becomes 0 002 
(positive) 

The problem as a whole, although m some measure complicated, was 
found capable of very definite laboratory bolution The extension of the 
study to include the jiotassium-bcaring nephelites has already been 
begun N. L B. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE ANTHROPOLOGICAL SOCIETY OP WASHINGTON 

A special meeting of the Anthropological Society of Wofishington was 
held January 7, 1913, m the National Museum, with the President, Mr 
George R Stetson in the chair. 

Mr E Dana Durand, Director of the Census read a paper on Race 
difitisiics of the last census During the decade 1900-1010 the white l>op- 
ulation of the United States increased about 22 per cent and the negro 
about 11 per cent This difference is partly due, however, to the direct 
or indirect effect of immigration of wmtes, m the absence of which the 
whites would have increased about 14 per cent The Indians increased 
about 12 per cent, the Chinese decreased in number, while the Japanese 
nearly trebled The whites have at practically every census shown a 
more rapid rate of increase than the negroes, and there is reason to 
believe that the difference between the two races m rate of inirease 
from 1800 to 1900 was greater than appeared from the census returns, on 
account of a probable underenumeration of the negroes m 1890 The 
census of 1910 showed that about 21 per cent of the negroes are mulat- 
toes, as compared with about 12 per cent m 1870, the last preceding 
census at w^ch the question regarding blood mixture was asked m 
comparable form 

There has been no very great migration of iicgrocb out of the South, 
nearly mne-tenths of the total number being still found in that section 
The number living outside the South increased 167,000 l>etween 1900 
and 1910, while the number residing m the South increased over 800,000 
The rate of natural increase—that is, by excess of births over deaths— 
of the white population of the South, however, is much higher than that 
of the negroes, oeing higher also than that of the whites m the North 

Among the native white population whose parents were bom in this 
country, there were, m 1910,104 males to each 100 females, as compared 
with only 08.9 m the case of the negroes Among all cla&ses of the pop¬ 
ulation more boy babies than girl babies are bom, but equahty tends 
to be brought about by a higher death rate among the nudes The dif¬ 
ference m sex distnbution between the whites and the negroes is probably 
attributable, m part at lea^t, to more favorable health conditions among 
the whites 

The aro dibtnbution of the native white population is somewhat 
different from that of the negroes, probably chiefly on account of a lower 
death rate among wintes, tending to greater longevity There has appar¬ 
ently been a very marked decline m the birth rate among negroes m 
recent years, while there had been a gradual but less marked dechne 
m the birth rate of the whites dunng each decade for a long period of 
tune 
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Negroes tend to marry earlier than the native white clfuwes, and, in 
fact, at all age penoda the proportion of married, widowed, and divorced 
peraons, taken together, ia higher m the case of the negroes of both 
sexes than m the case of the native whitee of native parentage* 

There has been a marked change in the composition of the foreign- 
bom population of the United States during recent years. Natives of 
northwestern Europe constituted more than two-thirds of the total for¬ 
eign-bora population of the Umted States in 1900, but lees than half in 
1010, while southern and eastern Europeans formed only a httle over 
one-eixth of the total at the earher census, as compared with throo- 
eights in 1010 The Germans and the Irish particularly have fallen 
off conspicuously in numbers, while the natives of Russia-^argely Rus¬ 
sian Jews and Poles—^Austna, Hungary, Italy, Greece, and other coun- 
tnes of southern and eastern Europe ^ve increased by very hi^ per¬ 
centages, no lesss than 1090 per cent m the case of natives of Greece 
The natives of Russia now rank second among the foreign-born classes, 
and those of Italy fourth • 

Various inquiries, accompamed by additional statements of facts and 
explanations, were answer^ by Mr Durand, but there was no discus¬ 
sion lieyond these Wm H Babcock, Secretary 

THE BOTANICAL SOCIETY OP WASHINGTON 

The 12th annual bumness meeting was held on Wednesday, October 
30, 1912 Officers were elected follows President, W W Stock- 
BKRQBR, Vice-President, C R Ball, Recording Secretary, H L 
Shantz, Corresponding Secretary, C L Shear, Treasurer, F L Lew- 
ton 

The executive conmuttoo reported an active memlx'rship of 108, 

The 83rd remlar meeting was held at the C^osmos Club November 12, 
1912 The fouowing papers were read 
A portrait of Linnaeus Dr J N Rose Doctor Rose exhibited on^ 
engraved portrait of Linnaeus which had recently tieen presented to the 
Smithsonian Institution by Captain John Donm^l Smith, of Baltimore 
who had previously mven to that Institution hih mamuficent herbarium 
and library This jmrtrait is one rarely seen m this country, being 
a mezzotmt of one of the earhest portraits of Linnaeus, the original 
being a rephea of Hoffman’s famous picture showing Linnaeus in Lap- 
land dress, of which the original is now the property of the Chfford fam¬ 
ily This replica was known to have been in the possession of one 
Thornton as late as 1811, but its whereabouts now is not known 
Doctor Rose also called attention to the large collection of portraits 
of Lmnoeus m the possession of the Lmnean ffonety, and also to the 
work of Tycho Tullberg, “Linne-portratt," a quarto volume of 186 
pages with 25 portrait plates 

Rough-bark disease of the ydloui neuotovm pippin Mr John W Rob¬ 
erts 

Botanvnng in the region of the natural bfidgen of southern Utah Dr 
P A Rydbebq (by invitation) 

C L Shear, Corresponding Secretary, 
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METEOROLOGY —Vwlent uprwhes tn cumultut cUmda W J 
Humphreys, Weather Bureau 

Every observer of clouds is famihar with the pecuhar boihng 
and tumbling of large cumuli, tiieir formation of new heads and 
the other e\ idences they gi\ e of rapid motions and confused turbu¬ 
lence And indeed the violence is much worse than appearances 
would indicate* if we are to belieie the emphatic statements of 
the few balloonists who have survived the expenence of such an 
aenal maelstrom 

Ab no such violent uprush is ever found m any other part of the 
atmosphere, one naturally asks whRt is there peculiar to the large 
cumulus cloud that produces thib localized or exceptional result 
And the answer, tho not obvious, should be indicated by a dis¬ 
cussion of the processes mvolvcd in the formation of the cloud 
itself 

Let us asbume the temperature of the atm^phere near the sur¬ 
face of the earth to be SO^C and the relative humidity 42 per 
cent, and let ordinary vertical convection, resulting from this 
temperature, obtam up to the base of existing cumulus clouds— 
substantially the conditions that frequently obtain of summer 
afternoons 

Under the asbumed conditions the temperature m the rising 
column decreases approximately at the dry-air adiabatic rate of 
lO^C per kilometer from the surface of the earth up to the satura¬ 
tion level, 15 kilometers in the present case At this level, how¬ 
ever, because of the latent heat set free by condensation, there 
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IB an abrupt change in the temperature gradient. At first it is 
rather under .5°C per kilometer, and then as the elevation still 
further uicreases and the temperature steadily grows colder, so 
that less and less moisture condenses out per degree change, it 
grows greater, with, of course, the adiabatic gradient for dry mr, 
or 10°C per kilometer, as the limi t towards which it approaches. 

Now the oidinary summer temperature gradient m the free 
atmospheie, between the elevations of 1.5 and 8 kilometers, is 
approximately G%' Hence, in the assumed case, the tempera¬ 
ture witlnn the nsmg column will begm to mcrease above that of 
the surrounding atmosphere at the same level, as soon as conden¬ 
sation licgins, and the tcmpeiature difference, together with the 
resulting buoyancy, will go on inci easing with the elevation to a 
certain maximum and then decrease to a zero difference In 
fact the meitia of the iismg mass will carry it beyond the eqmhb- 
num level to heights where it will lie colder and denser than the 
adjacent air, and fiom which it therefore must correspondingly 
fall back until final cquihbrium of temperature and density are 
established ^ 

Seemingly then the real cause of the violent upiush within 
large cumulus clouds is the difference m temperature between the 
mtenoi of the clouds themselves and the sui rounding atmosphere 
at the same level, due, as explained, to the ehange m the tempera¬ 
ture gradient caused by the latent heat of condensation 

PHYSIC’S —The high frequency remtancee of inductances. 

L W Aubiin, U S. Naval Rodio-telcgrapliic T^aboiatory. 

To appear m full in the Bulletm of the Bureau of Standards. 

Wlule the high frequency resistance of non-inductive resist¬ 
ances can be easily determmed by substitution methods, the 
determination of high frequency resistance of inductances offers 
great difficulties The decrement and half deflection methods,' 
m addition to bemg difficult to apply when very accurate results 
aic desired, have also the disadvantage of including in the ob¬ 
served lesibtance all the sources of energy loss in the circuit. 
The present method, while laborious, seems capable of giving 
much more exact results than the others mentioned. 

^ BulletLD Uuiciiu of StancJardip 9 00 1012 
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The principle of the method is bnofly the following Two 
equal mductance coils are placed in identical oil calorimeters, 
one coil 18 h^ted by a high frequency current and the other by 
direct. When the calorimeters are both brought to the some tem¬ 
perature m equilibrium with their surroundmgs, the heat im¬ 
parted to each per second must be the same This heat is pro¬ 
portional to I* 11 and the ratios of tiie resistances of the two coils 
at the given frequency and for constant current arc inversely 
proportional to the squares of the currents * To compensate for 
the shght inequalities m the coiIr and calorimeters, the diioct and 

TABLE I 
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high frequency currents are inteichanged and the mean values of 
the ratios of the current squares taken The high frequency 
current is pcoduced by a rotary spark gap in an oscillatory circuit 
coupled loosely to the circuit containing the mductance cod to 
be measured. The two circuits ate brought to resonance at the 
frequency desired, and the high frequency current thru the mduc¬ 
tance, regulated by varymg the couphng The current is read 
on a non-shunted hot wire ammeter which has been accurately 
cahbrated for high freciuencics The direct current for the other 
coil is supplied by a storage battery and the final regulation for 
equihbnum is made m this circuit Equahty of temperature 
between the two calorimeterH is determined by a ddfeieutial con- 
stantan copper theimoelement The caloiimeters are heated to 

■ See J Zonneok, Elektromag Bohwingungon, p. 415, 1005, and J A Fleming, 
Principle® of electric wave tolegiapby, p 124,1913 
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from 20” to 30° above the temperature of the room The uncer¬ 
tainty of the mdividual higli frequency current readings is approx¬ 
imately one part m fifty The mean of thirty or more readings 
IS taken as a basis for each calculation ThI calonineters pro¬ 
vided with motor driven stirrers are of glass 15 cm. high and 10.8 
cm m diameter and contain sufficient petroleum to cover the 
coils under experiment. The (foils of 0 40 mm double silk-covered 
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copper wire are wound on glass, and the principal constants are 
given m Table I and their resistances m Table II 
After the detcrnimation of the resistance of the six pairs of 
standard coils a rollei inductance of the Fessenden t 3 rpc was cali¬ 
brated Jiy comparihon with the standard coils The method 
used 18 as follows \ buzze>driven wave meter is used to excite 
an oscillatory circuit contaimng a sensitive thermoelement and 
variable air condenber By means of switches either one of the 
standard coils or the vanable inductance can be inserted m this 
circuit, the deflections in each case bemg observed on the galva¬ 
nometer of the thermoelement. Sufficient fine wire resistance is 
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then placed m series with the inductance giving the larger deflec¬ 
tion and adjusted until its deflection is reduced to that of the other 
inductance. The resistance of the standard coil for the given 
frequency being liflown, the corresponding resistance of the van- 
able inductance at this point is at once determine^ When the 
vanable inductance has been calibrated in this way for several 
points and at vanous wave lengths, it at once becomes a standard 
of comparison of resistance for any other mductances within its 
bmits, by a method similar to the above If the values of the 
resistances m Table II for any given wave length be plotted, it 
will be found that the results do not fall on a straight line, that is, 
the high frequency resistance increases more rapidly than m pro¬ 
portion to the number of turns of the coil This result is not m 
accordance, I beheve, with any of the vanous formulae which 
have been given for the high frequency resistance of mductanc€>s. 
The curvature appears, however, only in the first part of the 
curve. This is probably due to the distnbution of the magnetic 
field 

MINERALOGY—r/H ccUculaiwn of mineral formvlas Waldb- 
MAR T ScHALLBR, Gcological Survey 

In the calculation of the ratios of a mmeral analysis, it is cus¬ 
tomary to select arbitrarily one of the constituents as unity, or 
as some ra^onal multiple of umty, and on this basis to calculate 
the ratios of the other constituents As an example I will give 
the analysis of peorcoite from the Veta Rica Mme, Sierra Mojada, 
Coahuila, Mexico, as recently published' by Frank R. Van Horn 
and C. W Cook. 
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^ Amer Journ Soi vol 81p p 61Sp 1911 
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The ratios are sufficiently close to 11 .2 * 8 to show that these 
are the correct numbers In reahty the ratios are very much 
closer to 11 .2 ‘ 8 than the figures given by Van Horn and Cook 
suggest, as will bo shown below. * 

|*The first wlunm from the ratios given above is reproduced 
below (1) wiBi the molecular proportions for silver and copper 
combined, and all the quantities multiphed by 100 for conveni¬ 
ence of calculation When the lowest number is taken as unity 
it 18 readily seen that the ratios are approximatly 5§ * 1 ' 4. 
If the first figuip be divided by 2 times 5J (these numbers are 
doubled to avoid fractions), the second by 2 X 1, and the third 
by 2 X 4, the figures under (2) are obtained These numbers 
should be nearly the same Then average is 4 986. If now the 
ratios obtained from the analysis be divided by this average value, 
namely 4 9Sh, the figures given under (.3) are obtained which are 
consideiably closer to 11, 2, and 8 respectively, than the ones 
given by Van Hoin and C’ook 


(1) 

(» 

(8) 

54 U - (2 X 5i) - 

4 'MO 

10 02 

10 08 - (2 X 1) - 

5 040 

2 02 

W 76 -r (2 X 4) - 

4 900 

7 07 

Av — 

4 086 



Ratios such as those given above imder (3) are still too far 
from the whole numliers they approximate for comparison as 
they stand. The figures should be reduced to multiples of approx¬ 
imate umty which can then be directly compared, as follows 

h 10 W 11 X0 90(3) - 11 X 0 00 

\h 2Qi>-2X101 -2X1 01 

Aftl'ii, 7 07 - 8 X 0 90(6) - 8X100 

These figures show that the ratios deducible from the pearceite 
analysis ^rc in fact far closer to the whole numbers 11 2 8 than 
the ratios 10 80 2 00 7 886 given by Van Horn and Cook, 
which were obtamed by arbitrarily selecting one of the numbers 
as umty The form in which the last set of ratios is given above 
appears to express most accurately the relations derivable from 
the analysis. 
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BOTANY.— Chtxetospermum, a new genua of hard-ahdled cUroua 
fruUa. Walter T. Swinole, Bureau of Plant Industry 

The wild relative of the common orange may be divided into 
several rather distinct groups. One of these consists of the hard- 
shelled citrous fnuts of which the best known representatives 
are the bael fruit, Belou marmeloa (L ) W F. Wight {Aegle mar- 
meloa (L) Correa), and the wood apple of India {Feronia ele- 
phantum, Corrfia) These two were known to Rheede, Rumphius, 
Hermann and other pre-Linnean botanists as well as to Linnaeus 
himself. 

A number of other plants belonging to this group arc known 
to botanists Four of them are natives of Africa and have come 
to hght only recently In the East Indies two species have 
long been known, but arc httle understood as yet One of these, 
Feronta lucida Scheflfer, grows in .Java and is closely related to 
the wood apple of India The other, the subject of the present 
note, was described m 1837 by Blanco, in the first edition of his 
Flora de Fthptnaa, under the name Linumia glutmoaa He saw 
it growing on Mt Arayat, Province of Manila, Luzon Island, 
and noted that it was called tnalacabuyao or tabog by the Tagals 
In the second edition of his Flora de Ftlipinaa, published in 
184.'), Blanco recognized that this plant was related to the wood 
apple and renamed it Feronxa temata. 

About 1878, Audr4s Naves, m editing a new illustrated edition 
de luxe of Blanco’s Flora de Filtpinaa, recogmzed that the tabog 
waj. mOie nearly alhed to the bacl fruit than to the wood apple 
and accordingly transferred it to the genus Aegle making a new 
bpecihc name A decandra In 1904 Merrill restored Blanco’s 
onginal specific name, Aegle ghUtnoaa (B1) Merrill 
^\n exanunation of the typical material m the Botamcal Mu¬ 
seum at Dahlem bei Berlin, made by the wnter m June, 1911, 
showed Lvmonia Englerianap Perkins, to be the tabog, as had 
been noted by E. D. Merrill on one of the paratypes 

In establishing a new genus, Aeglopaxa,' from tropical West 

^ Swingle. Walter T , 1912, Lo genre BalsamotiiruH ot un nouveau genre voisin, 
Mglopsta, \n Bull Soc hot do IVanoe (1011), (in6ni 8d) figs A, B, 

pis 1-5 (March 2) aliO in Chevalier, \ug Novi(ute«f florae afneanao, fasr 4, p 
225-345. 
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Africa, belonging to the hard-ahellcd citrous fruits, it became 
necessary to look up all the known plants of this group. This 
resulted m brmging to light a new species of wood apple from 
Indo-China, the type of a new genus* closely related to Feroma. 

A reexamination of the tabog, undertaken at the same tune 
was facilitated by a fruiting spccunen in the National Herbarium 
collected by E. D Memll (No 3041, ConcepciOn, Prov Tdrlao, 

Luzon, Novemb^, 1003), and 
showed that this species differs 
from Belou marmelan in flower, 
fruit, leaf and germination char¬ 
acters HO profoundly that it must 
be put in another genus. The 
stamens of the tabog are ten in 
number, being twice as many 
as the petals instead of very 
numerous (more than four times 
as many as the petals) as m the 
bael fruit The ovary of the 
tabog has 8 to 10 cells instead 
of 10 to 15 commonly found in 
the bael fruit Tlie fruit is ob¬ 
long or long oval with low longi¬ 
tudinal ndges corresponding in 
number and position to the seg¬ 
ments, and has a thick leathery 
nnd The bael fruit is spherical or pjmform, never ndged, and 
has a veiy hard, woody nnd. 

The cells of the tabog fruit are Imed with a spongy tissue 
showing very large cavities or vacuoles Nothing of the sort is 
found in any other of the hard-shelled citrous fruits (see fig 1). 

The leaves of the tabog are per^tent instead of deciduous 
as in the bael fruit and have smaller, more rounded lateral leaf¬ 
lets On germination the cotyledons become aerial in the tabog 
but remain hypogeous m the bael fimt. 

Already m 1846 Rocincr m his Synopses monographicae made 
a subgenus, Chetetospermum, under the genus Limonia, for this 

• This will api>ear ihortly in tho Bulletin de la Soci6t^ botanique de France 



Fjg 1 (>os« Hfction of a fruit of 
Chaetospfrmum glutinosa (Concop- 
cidn, Lu^on November, 1903, E D 
Mernt], No 3041) Natural flizp 
Sthows the thick nnd with Ioiir Blender 
pointed oil glandn, a thin lutcrmi di- 
ate lavor, and an endocarp rompoaed 
of HponRy vosuular twsuc (thickoncd 
ovary walls) surrounding the cells 
Tlie pith iH not vc^aicular 
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species, stating that he believed this to be the tjrpe of a new 
genus ‘‘-T}rpuin novi generis certe format, ex ordine forsan 
excludendi 

In view of Roemer's conviction that the plant constitutes a 
new genus it seems fitting to raise his subgenus to genenc rank 

Chaetospennimi (Room) n gen 

Chaetospermum Roemer, M J , 1846, Synop Monogr 1 39, as 
subgenus of Ltmonta 

species Limonta glnttnoaa, Blanco, M , 1837, Flora de FiUptnas, 

p 368. 

A genus related to Belou, from which it differs in having persistent 
leaves with sm^ rounded sessile lateral leaflets, fewer stamens (twice 
as many as the petals), fewer ovarial cells (8 to 10), an oblong ribbed 
frmt with a thick leathery rind and cells lined with a spongy tissue 
cuntaimng many large cavities or vacuoles (see hg 1) 

Leaves persistent, trifoliate, lateral leaflets small, sessile, usually less 
tlian ono-third as long as the median, more or less blunt at the base 
or even roundeil Terminal leaflet gradually narrowed at the base 
Petioles narrowly winged with a jomt at the point of attachment of 
the leaflets Spines slender, straight, sharp, in pairs at the axils or 
else one of the spmes is replaced by a branch Inflorescences axillary, 
composed of from one to several flowers on rather long, slender pedicels 
Floipers perfect, 5-merous; calyx 5-lobcd, petals 5, stamens 10, free 
Pistil with a well develop^ style and a thick rounded stigma Ovary 
with 8 to 10 cells, each oontaming numerous ovules Fruit, oblong, 
longitudinally nbbed, with a very thick leathery nnd, and with cells 
(filled with gum?) surrounded with watery tissue containing large 
cavities or vacuoles Seeds numerous in the long narrow cells, flattened 
ovate, hairy Germination —Cotyledons aenal, not mcreasing in sue, 
first foliage leaves opposite, broadly ovate, subseriato, sessile, abruptly 
narrov;ed at base 

A small tree native to the Island of Luzon, Philippine Archipelago 

Chaetospermum resembles Belou in having tnfohate leaves, a 
many-cclled ovary, and hairy seeds, but differs m many essential 
characters as noted above 

It agrees with Feroma in havmg aerial cotyledons which do 
not, however, show any increase in size during germination as 
in this latter genus It agrees with Aeglopsis in having fruits 
with a leathery rather than a woody cortex, altho there are 
woody elements m the nnd of an Aeglopsis fruit which seem to 
be lacking m Chaetospermum 

' Roemer, M J , 1846, Syn. monogr Fasc 1 30 
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C'haetospermum differs widely from all the other hard-shelled 
citrous fruits and constitutes a striking new genus It undoubt¬ 
edly belongs to the hard-shelled group of citrous fruits tho it 
alone does not (so far as known) have woody elements m the 
cortex 

Only one B|>cries is known, its synonomy is as follows 
Cbaeto^ermum glutinosa (Blanco) n comb 

Lmonia (jllutinosa Blanco, 1837, IT Fihp JUd I, p 358. 

Feronia tcrnain Blanco, 1845, FI FiUp Ed II, p. 252 

j^gle decandra, Naves, 1878 (^), m Blanco, FI. Fihp Ed 

III, pi 124 

Acgle gluiinoha (Blanco), Merrill, 1904, m Philhp Gov 
Lab Bur Bull n 6, p 12 

Limonia Englenana, Perkins, 1905, Frag. FI Philbpp Fasc 
III, p. 103 

Belou glutinoHQ (Blanco) Skeels, 1909, Bull 162 Bur PI 
Ind Dept Agi p 26 
IlluBtrations 

Naies 1878 C^) m Blanco, M., Flora do Filipinas, Ed 3. 
vol 2, pi 124 (Lvs fls and fts) 

N'ldal y fSolor, S, 1883, Smopsis de familias y gcneros de 
plantas leflusus de Filipinas, pi 25, fig. J, 1-5 (Fls fts 
and heed) 

Swingle, Walter T , 1012, Le genre Balsamocitius, etc ,1c, 
pi 5 (Young plant) 

The tabog is a bmall tree native to the central |)art of Luzon, 
Philippme Ihlands This species has been reported from the 
provinces of Tdrlac, Pampanga (the type locality is Monte 
Ardyat m this province), Batadn, Manila, and M6rong. I have 
seen specimens from all of these provinces except Pampanga 
and M6rong, and have also seen a specimen in Herb. Kew col¬ 
lected by Vidal y Soler in 1886 at Angat, Prov Bulacdn 
Young plants fium one to three years old are now growing m 
the greenhouses of the Bureau of Plant Industry 
It has been found that oranges, lemons, grape-fruits, kumquats 
and other citrous fruits grow well when budded or grafted on 
such young tabog plants 



BAITOBD CHSLONOCAKPUS 


lOR 


BOTANY.— Chelonoearpua, a new section of the genus Annona, 
with descriptions of Annona scleroderma and Annona tes- 
tudinea W E. Safford, Bureau of Plant Industry 

While on a misEaon for the Umted States Department of Agri¬ 
culture, m Ajail', 1902, Mr Guy N. Colhns of the Bureau of 
Plant Industry foimd at the railway station of Morales, not far 
from Puerto Bamos, Guatemala, a hard-shelled, globose custard- 
apple quite distinct from all Annona frmts hitherto known He 
photographed two of the fruits, but waa not able to secure flowers 
or leaves of the trees producing them In February of the fol¬ 
lowing year specimens of the same fruit together with herbar¬ 
ium specimens of the leaves were collected by Mr. Percy Wilson 
of the New York Botanical Garden near Puerto Sierra, Honduras, 
where the species occurred as a foiest tree locally known as 
“Anona del monte,” or wild Annona One year later, m Apiil, 
1904, Mr O F Cook collected fruits of a hard-shelled iVnuona 
very similar to the above species but oblate m form, broadlv 
umbilicated and with the shell less regularly divided into poly¬ 
gonal areoles. At the same tune Mr Cook secured herbarium 
specimens mcluding both leaves and flowers, the former diffei- 
ing somewhat m size and shape from those of the Honduras 
tree, tho of the same character, and the latter resembhng the 
flowers of the section Atta, in sliape, but with the receptacle 
and consohdated gynoecium so distinct as to fuither set apart 
the Guatemala species and its allies as a distinct group or section 
of the genus Annona For this section I propose the name C-hel- 
onocarpuB, suggested by the hard toitoiseshell-like surface of the 
fruit. On account of the complete nature of the material col¬ 
lected by Mr Cook the species collecteil by him i« made the type 
of the section. 

Section Chelonocatpus 
Hard-shell Custard-apple Group 

Flowers m shape resembling those of the section Atta, pedun¬ 
cles clustered, usually issuing from the bark of old branches or 
stems (caulifloral), cdyx gamosepalous, 3-lobed; receptacle (tor- 
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ub) heiDiBpherical or conoid, not clothed with hairs or bristles 
but with minute Bcale-hke proceeseH subtending the bases of the 
filaments in more or less vertical rows, corolla 3-petaled, the 
petals valvate, oblong or hnear-oblong, the upper part tnque- 
trous or keeled within, the lower part concave and swollen so 
as to include the essential parts; stamens with stout lilaments 
beanng upon their back a pair of Imear pollen sacs and termin¬ 
ating m an expanded minutely vemicose connective above them, 
carpels cohenng hrmly to form a sohd gynoecium, with the outer 
ovaries minutely hirsute and the styles sharply articulated at 
the base and fallmg off soon after pollination has been effected, 
fnut (syncarpium) spheroid or conoid, composed of firmly con- 
sohdated one-soeded carpeli. inclosed m a thick rigid shell with 
the hurfaco (hvided into rhomoboid or polygonal areolos by raised 
ndges, scedb smooth and glossy, oblong, somewhat compressed 
but not marginate, brown, or grayish brown to mouse-colored, 
burrounded by juicy pulp, leaves coriaceous, oblong, acuminate, 
with the midrib imprebsed above and raised beneath and the 
lateral nerves anastomosing before reaching the margin and con¬ 
nected by inconspicuous reticulatmg veins. 

The species belonging to this section have been confused with 
the common cu&tard-apple or bullock’s heart (A retindata L) 
and the clunmoya (A chenmola Miller) from both of which they 
are easily distinguished by the large glossy seeds and the smooth, 
flat, coriaceous oblong leaves, as well as by the coherent nature 
of the gynoccium and the thickness of the ngid bhell of the 
fiuit The two species here described may be broadly distm- 
guiblied as follows 

Fiuit ob1ate-bpher6id in form, umbihcate, leaves not 
exceeding 9 mches (23 cm) in length, abruptly acu¬ 
minate Annona sderoderma 

Fruit globose in form, not umbihcate, leaves some¬ 
times 1 foot (30 cm) long, gradually acununate 

Anruma teitudinea 

In addition to these species it is probable that A. P-Utven 
Donnell Smith, from southern Costa ^ca, should be Asgi gna/i to 
this section, as the character of its leaves and flowers would in- 
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dicate. Its fruit is described as conoid and its leaves do not 
exceed 18 cm in length.^ 

Annona Bclerodenna sp nov Hard-bhoII Custard-apple Box-td of 

(ruatemala 

A vigorous tree Young growth nunutely ferrugincous-pubescent 
Leaf-blades oblong, abruptly acuminate, rounded at the base, 14 to 20 
cm long, 5 5 to 6 cm broad, conaceous, glabrous when mature, when 
young minutely femigineous-pubescent beneath, dark-green above, 
becoming ohve-groon when dry, midnb impressed above and raiseil 
beneath, lateral nerves not conspicuous, the parenchyma between them 
finely reticulate and punctate, petiole 14 to 18 mm long grooved above 
in continuation of the median channel, when young nunutely ferru- 
gineouh-puliescent, at length glabrate Peduncles extra-axillary, usually 
in clusters of 3 or more issuing from the bark of old branches (cauli- 
floral) with a small ovate bracteole below the middle ai^ one at the 
base, appressed femigineous-pubescent like the young growth, alxiut 
equal to the iietioles m length Howers cinnamon-brown, appressed 
puberulent, calyx gamosepalous, 3-lohed, 6 to 6 5 mm in diameter, 
minutely forrugmeous-pulM»scent on the outei surface, petals 3, val- 
vate, closely cohering in the bud, the upper part hnear or linear<oblong 
and triquetrous, the base swollen and concave closely covering the 
essential parte of the flower, inner petals w^antmg (in all specimens 
examined) , receptacle conoid or homisphcrKal, not clothed with hairs 
or bristles between stamens as m many other species but with minute 
bcale-like protuberences subtending the bases of the filaments, disposed 
in distinct almost vertical rows, gynoeciiim aliout 4 mm in diameter, 
composed of firmly cohering carpels 2 3 mm long with the outer ovaries 
clothed with appressed glo-^sy rufous or chostnut-eolored hairs, styles 
ovate to oblong, sharply articulated at the base, turning black and soon 
falling off after ixillination has l>een effected, stamens 1 7 to 1 8 mm 
long, with the stout filament light-yellow mottled with orange-red, and 
the swollen connective aliove the jicllen sacs minutely vemieose, as 
seen under the microscojic Fruit dcprcsscHl-globose, or oblate, biondly 
umbilicate, the surface of the thick rigid fjiell dividetl into angular 
areoles corresponding to the individual eloselv-eohenng carpels by raised 
obtuse ndges, seeds oblong to oblong-oliovate, somewhat compressed 
hut not marginate, about 2 cm long and 1 cm brood, wnth the testa 
smooth and glossy, at length (hoeolate brown, endosperm ruminate, 
with the minute embryo emlK'dded m its base, pulp juicy, not adhering 
to the seeds, pleasantly aromatic, with mongo-hke flavor, edible 

Type in the U S National Herbanum, No 850041, collec'ted at 
Cohabon, state of Alta Verapaa, riuatonitila, April 20, 1904, by O F 
Cook (No 80) Distribution Mountains of Alta Verapaa, Cuatemala, 
across the boundary into Mexico and as far north as Oaxaca 


> A PiUieriy Donn Sm , Hot Ga« M 389 1807 
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Explanation of Figitre 1 A cluster of unopened flowers, leaves, 
fruit, and seeds of Annona scleroderma natural sise, and the torus 
marked with vertical rows of stamen-scars and bearing the cohering 
mass of carpelB (gynoecium), enlarged 3 diameters Drawn by Mr J 
M Shull 

In addition to the type mat^enal, seeds sent m 1910 by Prof. Felix 
Foex to the U. S Department of Acpiculture from the state of Oaxaca 
belong very probably to this species (Seed collection No 29316) In a 
note accompanying thorn Piof Foex writes as follows Those 
seeds came from a very interesting fruit of good sise, good shape, pretty 
appearance, and having large seeds the skin is thick as the shell of a 
coconut but not so hard, it resists well a pretty hard shock and pressure, 
and would he very good for packing and shipping 

Mr O F Cook in his field-notes made the following entry "The 
fruit called by the Kekchi Indians of Alta Verapaz box-t4, or bosh-t^, 

IS cunouB rather than beautiful The 


shell ih divided into angular depressed 
/ \ areoles by raised ndges When mature 

1 the ndges are dark brown and the oreolcs 

^ I I ^ between them green The pulp is readily 

I [ A I separable into slender pyramids Th^se 
\¥ VI w# nonnully l-seeded, but in many cases 
e ^ w they are RoedlcsH The texture of the pulp 

Fig 3 Soodiof /4n»oi»«<e.. w perfect, the flavor aromatic and deli- 
twhwa, a, compared with seeda cious with no unpleasant aftertaste It 
of A rchcultua, b, with which « much richer than the sourhop, wth a 
tho present upeoicB has hitherto ^Rgestion of the flayoi of the zapote 
been confused bianco, or matasano (Canmtroa edvhs)^ 

but not in the least objectionable It can 
bo eaten most conveniently iMth a spoon The most fragrant pulp is 
close to the nnd The seHs separate from the surrounding pulp more 
rciulily than m most annona fnuts ” 

Annona testudmea sp nov Tortoiseshell Custard-apple Anoniv del 
Monte of Honduras 


Fig 3 8ood^ of Annona leo* 
twhnea, a, compareil with seedii 
of A reticulata, b, with which 
tho present Hpeoics has hitherto 
been confused 


A forest tree 12 to 15 meters high Loaf-blatles oblong or oblong- 
ellipticol, acuminate at the apex, abruptly cuneate or rounded at the 
base and usually deeurrent on the petiole, those near the base df branch 
sometimes rctuse or rounded at the apex, 08 in the case of many other 
species of Annonaceae, 25 to 35 cm long and 7 5 to 9 cm broad, 
coriaceous, smooth and flat with the nudnb impreascd above and very 
piom^nent lieneuth, lateral nerves not prominent, connected by incon- 
Npicuoufl antisiomosing veins. petiole rather long (22 to 25 mm), at length 
glabrous, grooved abovow FlowerH not observed Fruit globose, hard- 
shelled, 8 to 9 cm, m diameter, its surface (hvided into polygonal areoles 
by raised .ndgoh, suggesting tortoiseshell m its general app>earance 
Seeds 20 to 22 mm long and 10 to 12 mm broad, sometimes elhptieal 
in cross-section or slightly compressed with one or both edges aharp- 
comered but not marginate, testa smooth and glossy, hght^brown or 
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mouse-colored, faintly revealing the transverhe wnnkele of the rumumte 
endosperm, pulp very juicy, aromatic, edible 

Type in the Herbarium of John Donnell Smith, collected in the 
forest near Puerto Sierra, Hondurah, February 7, 1903, by Percy 
Wilbon (No 351) Specimens examined Material from the type col¬ 
lection m the Herbonum of the New York Botanical Garden and the 
Donnell Snuth Herbarium, Baltimore, Maryland, also photographs of 
fruits purchased at Morales, Guatemala, not far from Puerto Bamos, 
A]>nl 6, 1902, by Mr Guy N Collins (No 3833) 

Exploitation of Figure 2 Annona teHixAdrnea, from type material, 
natural *di 2 c, showing a typical ncununate leaf and a basal leaf with 
retus«» apex Drawn by Mr Ivan M Fitswater * 

The fruit, as descnb^ by Mr Collins in his field notes, ''has a shell 
about one-eighth of an inch thick, which breaks with almost a fracture, 
with a flc'bhy core [receptacle] reaching from the base nearly to the center 
of the fiiut The pulp of the npe fnut is nch, soft, and watery, with 
only a faint suggestion of the sandiness noted in the Annona observed 
at J^pnouit/ [A reticulata L ], very aromatic and with a slight pine-hke 
flavor, turmng brown when perfectly npe and not adhenng to the seeds 
The color of the outer surfoi'e is grayish or bluish greim, somewhat 
pruinose, becoming purplish at matunty ” According to Mr Percy 
Wilson, the fresh leaves are dark green above and paler beneath The 
tree, known locally as "anona del monte,” or wild custard-apple, is 
highly esteemeil by the natives for its fruit The latter is green- 
ndged with brown seeds having the odor of tun>entine when tut, and 
with good edible T>nlp, whi( h is easily separable 
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Authors of Boientifio papers are requested to see that abstraota, preferabl> 
prepared and signed by themselvesi are forwarded promptly to the editors Eaeh 
of the scientific bureaus in Washington has a representative authorised to for¬ 
ward such material to this journal and abstracts of oflSoial publications should 
be transmitted through the representative of the bureau m which they originate 
The abstracts should conform in length and general style to those appeanng in 
this issue 

ASTROPHYSICS —Report on the aetrophye^cal ObRervoUrry^ Smvth- 
somxan /luififufion, for year ending June SO, J91S C Q Abbot 
The year has been notable for expeditions to AJgena and California 
to tost tho ->upposeil variability of the sun by making simultaneouRly at 
those two widely Hoparatoil Htations speotrolxilometrio determinations 
of tho holar constant of radiation Tho measurements in Algeria agree 
with earlier ones at Waehington and Mount Whitm^y and indioate that 
Mount Wilson values are hystematically a little low Apart from this 
systomatic error tho average accidental differences between Algenan 
and Mount Wilson determinations were only 1 2 per cent, indicating an 
average accidental error of a single solar constant determination at one 
station of only 0 9 per (ont So far as yet reduced, Ingh solar constant 
values obtained in Algeria coincide with high values at Mount Wilson and 
vice versa A wlar variation of 4 per cent was indicated at both stations 
in the first half of September, 1911 Many values remain to be com¬ 
puted, but it can now hardly be doubted t^ut the outcome will prove 
concluhively the irregular short-ponod vanabihty of the sun 

Numerous copies of tho silver disk pyrheliometer have been stand¬ 
ardised and sent out, mainly to foreign governmental meteorological 
services 

Valuable results have been secured in tho researob on the transmission 
of radiation through atmospheric water vapor An accurate method 
of estimating the total water vapor contents of the atmosphere between 
the observer and the sun has been devised by Mr Fowle C G A 

METEOROLOGY —Atmosphenc studies J W Sanstrom Bulle“ 
tin of the Mount Weather Observatory^: 3-51. 1912 
The first part of this paper is devoted to a Xmber of fundamental or 
general principles m meteorology, all of which are mmutely and clearly 

no 
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explained The second part treats of the vortex movements of the atmos¬ 
phere, and 18 by no means such easy reading as'the first part 

The author made the observatioiui upon which his article ib based 
during the winter and m the mountains of Sweden, and honce under ex¬ 
ceptionally favorable opportumties for the s^dy of air movements A 
comparatively warm ocean was on one side oflun and a cold continental 
area on the other, so that he himhelf was on the inside, as it were, of a 
gigantic heat engine where he could see and experience all that was 
taking place 

Among other things, an account is given of the movements of the wind 
as it blows across regions covered by fine loose snow In this case the 
lower air, to the depth of 20 to 50 meters, liecomes fille<l with the ■^now 
m the same manner that it becomes filled with dust when blowing over 
a desert Now the snow obviously mcroasch the density of the stratum 
of air it 16 in, and hence thib particular stratum moves up the windward 
side of a mountain or other slope comparatively slowly and then, as 
soon Ob it has passes 1 the crest, Hows down the leeward side ^vlth great 
violence In one observed cose, this rapidly falling loaded air set up 
great surging billows in the atmosphere at the foot of the mountain that 
lasted for hours, with only 10 to 15 minute intervals between perfect 
calm and humcane violence, and that were felt to a distance of 140 kilo¬ 
meters from their place of origin 

The second part of the paper begins with a general account of vortex 
motion which the author makes clear by the aid of drawings and numeri¬ 
cal calculations apphcablc to simple cases The principles thus estab¬ 
lished are then applied to the vortices of the atmosphere of which there 
ore two distinct ty])es Those which are roughly circular and symrac^tn- 
cal, with their vortex filaments nearly vertical, and those which are very 
unsymmetneal with honzontal filaments The first obviously applies 
to whirl-winds, tornadoes and the like, and is relatively simple, while 
the second coneerns ajiproximately horizontal circulation with an upper 
and a lower current flowing in opposite directions This is called a 
"gliding" vortex and the plane separating tlie oppohitely directed cur¬ 
rents a "ghde" plane. It is further explained that m general the "glide” 
plane is more or less mchned, and suitable equations are developed for 
the computation of the rate at which energy is being transformed m 
such a vortex 

A remarkable example of the "gluhng” vortex commonly occurs 
during the winter along, the coast of Norway Here a cold east wind 
flows down the mountains and onto the ocean with great violence, while 
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at an elevation of about 1 kilometer a relatively light and warm counter 
current flows to the east In reahty this is a ‘Mand breeze'' on a very 
large scale, so large indeed that per kilometer of coast-lme ht^at energy 
IS converted into wind energy frequently at the rate of 45 million horse 
power! ^ W J Humphreys. 

TERRESTRIAL MAGNETISM —A riewiype of conipa^H declinometer 
R L Fahis .Toumal of Terrestrial Magnetism and AtSnosphenc 
Electricity 17: 109-114 1912 

This pujKT descnlK's a new form of mstrument for ascertaimng the 
magnetic decliiuilion at stations where the true beaimg to some other 
point IS already known, and is esiKs'ially adapted for use of general sur¬ 
vey paitics when working m remote regions, such as Alaska oi the Philip¬ 
pines, wIhtc it IS possible at nominal cost to ascertain the magnetic 
declination much in advance of the possibility of a general magnetic 
survey 

Kxpdience in the (’oast and Geodetic Survey and elsewhere has 
shown that acceptable magnetic dw hnation results con be obtained with 
pivot suspension needles The instrument is described as follows 

It IS csseiitiallv a compass nee<lle one losed in a rectangular nceille box 
with ]MH»p sights, which is ngnily mounted on a graduated horizontal 
cinle The nmlle hfter «in(l some of the other details are novel and 
have liecn worke<l out with great core The base rests on throe leveling 
sciows and has doulde centers of brass The lionzontal (ircle, which is 
1.52 4 mm in diameter, is read by two verniers to single minutes of 
arc The needh* is inounte<l m a rectangular box the inside dimensions' 
of which aie 104 mm long, 31 5 mm wide, and 17 mm deep This 
box IS secuied to iho cover plate of the honzontal (ircle At each end of 
the l>ox Is a gnuluated arc (arc graduated to 10 minutes), about 10° in 
extent on ca< li side ot the zero in the middle Vi'rtical peep sights, 40 
inm high, are attached to the ends of the box so that the zeros of the 
gratlualions, the ncedU' pivot and the jicep slits are in the some vertical 
plane Tlie top edg«» ot the needle is straight, its ends and the apex of 
tlu' agate tup sus})eiision being in a straight line The needle hfter is 
of s])ecml design and direct acting, and so arranged that the instrument 
cannot lie packixl m its packing case without first bfting the needle off 
its suspension pivot When the needle is raised off the pivot it is held 
firmly in place ladwocn the lifter and a flat brass npring m the top of the 
neeille box Thv nis'dle and honzontal circle readmgs ore made with 
the aid of three re.«ling mifroscopeH The instrument w leveled by 
means of an ailj list able circular level moxmtcd on the cover plate of the 
horizontal circle The mxxile is 148 5 mm long and is made of “magnet 
steel,” the dimensions of its cross-section ore 0 6 mm by 3 5 mm The 
wicjth of the poei)-sight slits is 0 5 mm 
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Upon tebting this instrument under actual field conditions it was 
found that the needle, on account of its rather unusual length, required 
too frequent readjustment of balance As a remedy for this inconven¬ 
ience the point of suspension (agate cup) has now been raised, likewise the 
ends of the needle have been bent ujiward to bring them again in line 
with tlu' suspension point * K L F 

PHYSIC31— On the density of solid subhtanceh, with espeanl reference 
to pertnanent changes produced by high pressures John Johnston 
and L H Adams Journal of American Chemical Society, 34 
563-584 1912 

With a new and improved form of pyknometcr the density of salts 
and other substanccH has l)een determinwl with an accuracy of 3 or 4 
units in the fourth decimal place, that is, within 0 02 per cent In 
many cases, however, such accuracy is unnecessary, since the variations 
of density duo to mhomogeneities of the mateiial may lie much greater 
thnii tins 

Fowdenng a crystalline substance does not change its densitj bv an 
amount which we can detect with certainty, provided that the material 
IS homogeneous and free from cracks and holes, but if the substance is 
not homogeneous, then, as might be expected, 1hi» fine i>ow«ler is denser 
than the coarse particles 

Neither does very high hydrostatic pressure produce any after-effect 
on the density of strictly homogeneous crystalline comjMiunds 

But if the preshure be not unifonn, then tlie density of a metal which 
has been subjected to such compiessnm—or has Ins^n deformed in any 
other way—usually increases first (owing presumably to the filling up 
of poles and cracks) and then decreases, sometimes even so as to reach 
a final density less than the original value Subsequent annealing of 
the siieciinen causes a reneweil increase of density The direction of 
the ehang(» of density on comiireshing bismuth is, contrary to Spring's 
conclusion, the same as that for other metals, namely a deercasi* of 
density, following upon deformation The beanng of these results ujion 
the question of the “flow” of metals is discussed they are shown to 
be in harmony with the idea that the “flow”— or indeed any deforma¬ 
tion—of a metal is a manifestation of a real melting produced by the 
unequal straimi set up during the process 

FinaU^f it IS imjHirtant to emphasize the fact the density of most 
substances is somewhat variable, owing to a lack of complete homogen¬ 
eity of the material In consequence of this, slight changes of density 
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oan not be regarded as good evidence for the occurrence of any trans¬ 
formation or chemical reaction, whether produced by subjecting the 
system to compression or by other means J. J and L H A. 

PHYSICS — Mixtures of antorphous atdfur and selenium as immersion 
media for the determination of high refractive indices vnth the micro¬ 
scope H. E MiiRWiN and E S Larsen. American Journal of 
Science, 84 42-47 1912 * 

Fused mixtures of sulfur and selenium arc glassy when cold By 
standardising the mixtures with respect to their refractive indices by 
measurements on pnsms molded into the angle between glass plates, 
they oan be used to match the refractive indices of amiable substances 
immersed in them and studied under the microscope A chart showing 
the refractive indices of various mixtures for several wave-lengths has 
been prepared, and a method of interpolating values of refractive 
indices, obtained by using a monochromatic illuminator, explained 

HEM 

GEOCHEMISTRY — The sulfides of ane, cadmium, and mercury, their 
crystalline forms and genetic conditions E T Allen and J L 
Cbknshati Microscopic study by H E Merwin American 
Journal of Science, 34 341-396 1912 

The 'tullide^ of zinc are enantiotropic, with an inversion point at 
1020° Sphalerite is the stable form below this temperature, wurt- 
zite above Their indices of refraction, dispersion, and specific gravities 
were determined Iron in the form of ferrous sulfide is present m solid 
solution in the ferruginous sphalerites, since the specific volume, index 
of refraction, and inversion-point change continuously with increasing 
percentage of iron Sphalerite was fonfied synthetically by action of 
alkali sulfides on zinc salts at 200° and aliove Wurtzite was obtained 
by action of hydrogen sulfide on solutions of zinc salts containing free 
acid at temperatures between 250° and 350° 

Only one crystalline form of cadmium sulfide was obtamed It is 
identical with the mineral greenockite Crystallographic and optical 
measurements and determinations of specific gravity were made on a 
very pure synthetic preparation 

Besides cinnabar, a black sulfide of mercury, probably idei^ial with 
mctacinnabor, and a new form, hexagonal, but with propertiwdiBtmct 
from cinnabar, were obtamed Cinnabar is the stable form, the other 
two are monotropic forms 
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The most interesting result for geochemistry which was obtauie4 m 
these synthetic studies was the following The unstable crystalline 
forms, metacinnabar, wurtsite, and maroante, are obtained only from 
acid solutions, while the corresponding stable forms, cinnabar, sphaler¬ 
ite, and p3mte, are the only product of alkaline solutions, tho they 
may be obtained from acid solutions also ETA and J L C 

PETEOCftlAPHY —M icroscoptcal pelroQraphyfrom the quantitative meir- 
point Fred Eugene Wright Journal of Geology, 30 481- 
501 1912 

In this paper attention is directed to the importance of good quantita¬ 
tive work m microscopical petrography which has now passed the quali¬ 
tative, reconnaissance stage of its development and is ontenng upon 
large problems, essentially quantitative in nature, which require.pre- 
ciso data of observation for their solution The different optical prop¬ 
erties used in the determination of mineral'^ are classified in detail and 
simple effective methods are briefly described which experience has 
shown to be well adapted for the determination of the different optical 
constants of mineral plates and grains FEW 

PETROGRAPHY — Petrographic study of the specimens of loeis, tierra 
cocida, and scoria collected by the Hrdhcka-Willis Expedition Fred 
Eugene Wright and Glarence N Fenner Included in the vol¬ 
ume, Early man in South Amenca, by Ales Hrdlicka in collaboration 
with W H Holmes, Bailcy Willis, Fred Eugene Wnght, and Clar¬ 
ence N Fenner Bulletin, Bureau of American Ethnology, Smith¬ 
sonian Institution, 62 55-98 1912 

This collection was found to contain several extraordinary rock types, 
and for the solution of the problems which they present, three distinct 
lines of attack were followed (1) the usual detailed petrographic-micro¬ 
scopic examination of the rocks, (2) chemical study of the different 
rock types, (3) thermal study of the specimenb at different temperatures 
and companisons of the pnxlucts thus obtained with the natural pro¬ 
ducts 

The loess consists in large measure of volcamc and eruptive mate¬ 
rial Salic volcamc glass is picsent in practically i^very bpecimen and 
may become so abundant that it constitutes 90 per cent of the whole 
The minerals arc remarkably fresh and unaltered, while the amount 
of argillaceous material present is relatively small in most of the spec¬ 
imens These facts may be considered indicative of tremendous and 
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Widespread volcanic activity of the explosive type during or just pre¬ 
ceding the formation of the loess 

The specimenb of tierra cocida are composed, for the most part, 
simply of loess fragments which have been indurated and reddened by 
heat action, between 850° and 1050° The loess and tierra cocida are 
similar in general cliaractor and composition 

The aconae aie not normal volcamc scoriae They have been 
produced by the melting down of an original clastic matenal (loess) 
under conditions which protected the molten mass from oxidation The 
hypothesis is advanced that the loess formation was intruded by igneous 
masses wliicli melterl down the adjacent loess and formed the present 
black scoriae The lac k of oxidation of the scoriae and their abundance 
m the held precludes the jiossibihty that they were formed by the melt¬ 
ing down of IcK'ss hy bonfires oi any type of fare m the open air Pre- 
histonc man is not, therefore, responsible for their occurrence 

K E*W and C N F 

PETJtOLOdY —Study of a contact meiamorphe ore^epoait The 
Dolores wiine, at Matehuala, S L P Mexico J K Rpurr, G H 
G\rre^, and Ciarence N Fenner Economic Geology, 7‘ 
444-481 1912 

This is a study of au interesting problem m applied geology, toward 
which the lalioratory contnlmteil an exhaustive petrographic investi¬ 
gation of the various t^^ies of rock which had been collected m the field 
The problem compnsed the study and elucidation of the phenomena of 
an unusual type of metamorphism and ore-deposition, associated with 
and consequent upon the intrusion of a groat mass of eruptive rock into 
a senes of siHlimentary Ixxls In conjunction with the field-work a 
collection of t>T)ical rock-specimons was sent to the laboratory From 
those the field rolalions which had been observed were confirmed and 
supplementary information obtained From the different sources of in¬ 
formation thus made available it was possible to arrive at well-groundcil 
conclusiouh regarding the geological history of events, including the 
sequence of mineral deposition, the nature of the circulating solutions, 
and the relations existing between the metallic sulfides and the gangue 
minerals CNF 
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GEOLOGY — Apishapa^ Cdo , Fdio George W Stosl Folio No 
186, Geologic Atlas of the United States, U S Geological Surrey 
January, 1018 Topographic, geologic, uid htructure maps, and 
sheet of illustrationb 

The Apishapa quadrangle \h one-quarter of a square degree situated 
20 mileh houthoast of Pueblo, Colorado It was geologically hurveyed 
by G K Gilbert and lub assistants some years ago fAd was recently 
completed and revised by G W Stose The topography of the quad¬ 
rangle lb typical of the semiand Great Plains region, com])rising rolling 
treeless plains, low mesas, and deep rocky can>ons An old dissecte<l 
peneplam, drainage modifications, and othcT physiographic features aie 
discussed and figured The rocks exposed are all of Cretaceous age 
except the oldest rocks observe<l in some of the deeper canyons—the 
Mornson formation of pobsibly Jurabsic age—and the surficial gravels 
of Tertiary and Quaternary age Lower Cretaceous rocks are recog¬ 
nized and mapped for the first time in this vicimty as the Purgatoirc 
formation The structure of the quadrangle is a sharp dome-nke up¬ 
lift centering in the Rattlesnake Buttes, with a total veitical displace¬ 
ment of 2600 feet in the quadrangle The hard Dakota sandstone 
forma the land surface over a large portion of the higher port of the 
dome Numerous normal faults occur on the flanks of th<* uplift, and 
the resulting intricate displacements are brought out on the geologic 
structure map by deformation contours A sharp lo<al dome structure 
lb reganled ah probably the rehult of the mtrusion of a laccolithic body 
of Igneous rock emanating from the source of the Spanish Peak intru¬ 
sion 25 miles to the southwest Tliese igneous rock are roprcbented 
in the quadrangle by scattered dikes of rather unusual coniiKisition 
The p<‘tn»giaphic description of these is contributed by Whitman Crohs 

G W S 

(tEOLOGY —Geology of tlie salt and gypsum deposits of southwestern 
Virginia George \\ Stose Bulletin 5.10 (separate N), IT S. 
Geological Survey Pp l*4r-37 1912 

The bait and gypsum deposits arc in the vicmity of Saltville, Va, 
and occur in red and gray clays of Mississippun (‘‘Lower Carbonifer- 
ouh”) age adjacent to the Rome fault, a great fault thrusting ('ambnan 
dolomite and limchtone upon the C^arliouiferous strata A section is 
given of the lower Corbomferous rocks in the hyiicline adjacent to the 
lault, compnhing the Pnee sandstone, at the base, Maccroilv (“ Pulaski”) 
ioimation, and the Newman limestone, and the equi\alence of the 
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(C 3 Tsiferous and saline clays to part of the Maccrady formation is 
discussed The vanoua theories that have been offered to account for 
the accumulation of these deposits are described The fact that the 
deposits are found only dose to the fault and are not known to occur 
in quantity in the same strata any distance away from the fault, leads 
the author to the conclusion that disseminated salt and gypsum in the 
original aedimefts of earthy limestone, shale, and sandstone, have been 
concentrated m the same strata adjacent to tlie fault by circulating 
waters thru chemical affinity The ammoniarsoda process, which is 
used m converting the bnne of these wells mto soda products is 
described G W S 

GEOI/XjY —Index to the ^ratigraphy of North America, Bailey 
Willis Accompanied hy a geologic map of North Amcnco, com¬ 
piled by Bailey Wilus ondC} W Stosb Professorial Paper 71, 
U 8 Geological Survey 1912 

This report summarizes what are regarded ab the most authoritative 
statements concormng the gcolog} of the North American eontment 
The map, 60 by 77 inches, to which the text is an extendeil key, is 
pnntcd in 4 sheets which are folded and encajbed in a separate box 
Its ^cale 1*5 1 500,000 or approximately 1 inch to 80 miles The 42 

color diHtmctionb represent as many divisions of strata There are 
distinguished 6 mam divisions of the pre-('ambnan, 7 of the Paleozoic, 
6 of the Mesozoic, and 7 of the Tertiary Besides these main diviKions 
larger equivalents in parts of the continent, where details are not known 
or are too minute to lie mapped, are represented by distinct color effect 
The (olor scheme is planned so that the map fulfills two purposes— 
that of a wail map and of a pocket map Viewed on a waJl only the 
larger units and the different geologic provmees stand out, The Cana¬ 
dian shield of pre-Tambnan rocks for example is set off sharply from 
the parallel bands of Paleozoic rocks of the Apjialachions, and the lava 
fields of the western states from the Mesozoic and Tertiary rocks of 
tlie Great Plains and the ohler rooks of the Rocky Mountains At 
close range, on the other hand, the more minute subdivisions can readily 
Ik* distinguished 

To facilitate references m the text, the map is divided mto rectangu¬ 
lar spaces, each embracing 4 degrees of latitude and 0 degrees of longi¬ 
tude, which arc designated by letters and numbers The text is closely 
linked to the map by these coordinates, which form the basis of the 
arra^|einent of the quotations Except the explanatory matter m the 
chapters on introduction and bibliography the descriptions are arranged 
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in 16 chapters, each treating of one of the major geologic divisions shown 
on the map Under each chapter the statements are arranged geo¬ 
graphically according to the coordinates, in alphabetic and numerical 
sequence Accordingly the geology of any locality where more than 
one geologic system is represented is distnbuted thru the vanous chap¬ 
ters in which those systems are discussed 
The compiler has depended m most cases on the papers quoted to 
funush other references to earher bterature Nevertheless, there are 
references m the text to 953 separate papers Each chapter is accom- 
pamed by a small sketch map showing the areal distnbution of the 
rocks desenbed in that chapter as represented on the geologic map 

G W S 

BOTANY —The phylogeny of grasfteH Wiluam H Lamb, Forest 
Service The Plant World, 16 No 11 November, 1912 
This IS a discussion of the origin of grasses, the essential differences 
between the tnbes of grasses, and their probable denvation from a 
common ancestral type 

The grasses have come from hly-like plants by a reduction in the 
number of the parts of the flower Among grasses the direction of 
evolution has been toward a reduction in the number of flowers m the 
spikelet Forms with relatively morp flowers m the spikclet are to be 
regarded as pnmitive, and forms that have but one flower in the spikelet 
have developed furtherest from the ancestral t 3 rpe 
The first grasses were a pnmitive group, probably very similar to the 
bamboos as we know them today, and these ore the progenitors, directly 
and indirectly, of all the other tribes The Bombuseoe have given rise 
to the other tribes by three great lines of development, the Fcstuccan 
Line, the Phalandean Line, and the Andropogonean Line 
A diagrammatic drawing has Ireen made of the spikelet, the inflores¬ 
cence, and the flower of one genus to typify each trilie, and a chait has 
been arranged which shows the relationship of the tnbes of grasses, and 
the structural modifications which have begregated each distinct group. 

W H L 

PLANT PHYSIOLOGY —The wiUtng coefficient for plants in aUcah 
Solis Thomas H Keabnby Bureau of Plant Industry, Circular 
109, pp 17-26 1913 

The object of this investigation was to ascertam whether the prehcnce 
of an excess of soluble salts m the soil affects the ability of plants to 
reduce the moisture content to the limit at which plants wilt and are un- 
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able to regain their turgor unload adcliticyml water is bupphed (See Bulle¬ 
tin 230, Bureau of Plant Industry, 1912, ‘‘The Wilting Coefficient for 
Different Plants and Its Indirect Determination,” by L J Bnggs and H 
L Shantz) For thih purjwse wheat seiHllingH were grown m a bcnes of 
boils having a groduat-J salt content, with sodium sulphate ob the 
pnnoipal component 

It WHh demonstrated that the utilization of all “available” moisture 
in the soil is not preventeil by the presence of “alkali” salts unless m 
quantity sufficient virtually to inhibit the growth of the plants While 
the amount of gnnvth made by the plants decreased regularly witli the 
bait content of the boil, their roots, oven in the mixture having the high¬ 
est sjilt eontent (0 74 per cent of the dry weight of the hoil) m whir h any 
growth was made, w<*re finally able to reduce the soil moisture to tlic 
calculated wilting coefficient Absorption was much retarded, however, 
in the more saline soils, the lengtli of time required for the plants to reach 
the wilting point having ranged from 18 in the soil having the lowest 
salt content to 43 m the soil having the highest T H K 

PLANT PHYSIOLOGY Same effectf* of refngeraiwn on hulfuTed and 
unhulftired hops W W Stockbebokr and Frank Rabak Bul¬ 
letin No 271, Bureau of plant Industry, Department of Agncul- 
ture, pp 21 1912 

This bulletin buinmonzeb the results of a comjiarative study of the 
effects of cold and onhiiary storage on bulfured and unsulfured liops 
Trade expert h agrceil that the samples of sulfured hops in cold storage 
were lH‘st in quality, but differed widely as to the undesirable effect of 
the treatment upon the other samples 

Deteiminations were made of the acidity and ebter content of the 
volatile oils extracted fnim samples of the hops under each condition 
of storage The conclusions ilrawn from tJiese analyses arc that both 
sulfunng and told storage retard changes in the hops leading to an 
increa'-e m acidity and ester content of the oils Cold storage ib appor- 
«*ntly more effective than sulfunng m retarding the increase m acidity, 
but lb loss efficient than bulfunng m retarding inereaHC m ester content 
('old btoroge an<l sulfunng combined are much more effwtive m retard¬ 
ing changes in acidity and ester content than eitlier alone The per¬ 
centage of decrcahc in the eontent of soft resins was found to Iks less m 
the eold-stored hoi>h than in those in ordinary btorage The evidence 
from the analyses goes to ‘-how that the sulfunng tends to retard changes 
in the content of soft resins only when combined with cold btorage 

W W s 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE WASHINGTON ACADEMY OF SCIENCES 

The 80th Meeting of the Washington Academy of Sciences was held 
at the Cosmos Club, Wednesday evening, December 18, 1012 

Dr L 0 Howabd gave an illustrate lecture on The danger fiom 
inipotled plants and fruits, and government efforts to avoid it llie life 
history of many accidentally imported injurious insects and the ravages 
they work were illustrated and explained The brat methods of keep¬ 
ing these pests in at least partial control were described The last Con¬ 
gress passed a law that enables an effective quarantine to be established 
against insect pests of all kinds 

Dr Howard also gave an account, which follows in full, of the cele¬ 
bration of the 25Uth anmveisary of the Royal Society of London, to 
which he was the official delegate of the Academy 

W J HtTMPHBsrrs, Secretary 

The ffUOth anniversary celebration of the Royal Society, London, July 
15-19, 1918 L O Howaiu), Delegate of the Washington Academy of 
Sciences 

To the President and Members of the Washington Academy of 
Sciences I bog to submit a report on the two hundred and fiftieth anm- 
versary celebration of the Royal Society, and in submitting this report 
beg to express my deep gratitude to the President and to the Hoard of 
Managers of the Acodemv for the appointment as delegate to this 
(‘xtraordinary function, which has given me one of the pleasantest 
cxi>enences of a lifetime 

In talking recently with one or two members of the Academy, I have 
been rather surprised to find that they know httle of the history of the 
Royal Society One of them lias even assured me that some tune ago 
he attonpted to read up on the subject, but was unable to find a com¬ 
petent historical sketch Now I have no doubt that if one were to 
consult that much advertised but none the less reasonably competent 
Encyclopaedia Britanmca full information on this important subject 
would be found Since, however, there is undoub||^y a lack of imor- 
mation, it may be well to state bnefly, by way o^reliminary, certam 
facts which were brought to the wnter’s attention m the course of the 
memorable week following July 15,1912 

The Roytd Society is the oldest scientific society in Great Bntain, 
and one of the oldest in Europe It is usually considered as having 
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been founded in 1600, and King Charles II, m faet, approved of its 
organization m December of that year A Charter of Incorporation, 
however, passed the Great Seal July 15, 1662, and it appears that King 
Charles gave the newly founded society a small giant at that time, 
which, however, and sail to relate, he was forced to withdraw before the 
conclusion of his reign The Transaetioni appeared March 6, 
1664-65 The headquarters of the Society at the start were in Gresham 
College, but after the great fire of 1666 meetings were held in Arundel 
House, at the invitation of Henry Howard ol Norfolk 
Isaac Newton was elected a fellow m 1671, and m 1763 was made 
President, retaining the office until his death in 1727 Dunng his 
term the Society moved to Crane Court, and in 17K(), under the presi¬ 
dency of Sir Joseph Banks, it again removed to ap.irtments set aside 
m Somerset House, where it stayed until 1867, when it removed to 
Burlington House, Ihccadilly, where it has remained ever since 

In the entire course of its history the Royal Society has been constantly 
consulted by the government for advice on scientifac matters of national 
importance Thus the Royal Olwervatory at Gieenwiih was in 1810 
placed under the sole charge of the Society, and this policy has lieen 
continued down to the recent mvestigations of sleeping sickness and 
other diseases, conduiti'd under the auspices of this organization 
The Society administers large sums for the promotion of seieutihc 
research, posbessing an annual grant exceeding twenty thousand dol¬ 
lars for this purpose Five medals (the Copley, two Royals, the Davey 
and the Hughes) are awarded every year The Rumford and Darwin 
medals arc awarded every two years, the latter having been awarded 
the present year to Dr Francis Danvm, a son of C’hurles Darwin, in 
whose honor the meilal was struck. The Silvester metlal is aw aided 
tncnmally, and the Buchanan medal every four years It is worthy of 
note that the Buchanan medal tius year was awarded to Col William 
C Gorges, samtary officer in chaige of sanitation of the Panama Canal 
Fellows are eleited stnctlv in lu'coi dance with then scientific attain¬ 
ments, except of course in the case of royalty The adimssion fee is 
fifty dollarh, and the amiiial dueii twenty dollarh, but, by the oinTation 
of a fund estabbshed in 1878, the admission fee anil fi\e dollars of the 
annual dues have* been remitted since that time 
In making preparations for the celebration of tlus two hundred and 
fiftieth anniversary, judging by results only, since I am not informed as 
to the steps winch were token, considerable care was exercised m the 
selection of the organizations which were mviteii to send delegates 
Apparently onlv the principal acadenues of science and the principal 
umversities of the world were invited. At all events, less than three 
hundred delegates, Ahcluding those from Great Britain, were in attend¬ 
ance, and among these the Umted States of America had the largest 
number It may be interesting to mention the Araencaa delegates 
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in the order in which they appeared upon the printed diary, profpnnime 
of proc^eedings, and list of delegates 

University of California Prof H C Pluinmoi 

Univoraity of Chicago Prof K D i ost 

Clark University, Won ester Prof \rthur(r ^\ebrttp^ 

Columbia Univomity, New York T)r N Murra> Butler, President 
Cornell University, Ithaca, N Y Prof J H Coinstoi k 

Harvard University Prof B O Peine 

Johns Hopkins University, Haltunorc I^of W Bullock f'liirk 

Leland Stanford Junior University, California Prof Voinon L Kellogg 
Univoraity of Michigan Prof William 11 Hubbs 

University of Minnesota Dr Arthur Hamilton 

University of Pennsylvania, Philadelphia Dr Edgar F Simth, Piovost 
University of Pnneeton, New Jersey Prof John G Hibbon, President 
UmvciBity of Wisconsin Prof Charles K Leith 

Yale Univcisity Dr Arthur Twining Hadley, President 

American Academy of Sciences, Boston Prof Edwin H Hall 

Connecticut Academy of Arts and Sciemcs Prof W E Brown, F H S 
Ameiican Matliematical Society, New York Prof H B Fine Pi evident 
American Philosophical Sm lety, Philatlelphia 

Prof W B Scott, Vuo-Presid* nt 
Fianklm Institute, Pliiladelphia Majoi G O Squiei 

California Aca<lemy of Siiencra, San Fram isco Mr Joseph D Grant 
Carnegie Institution, Washington Dr H S Woodward, President 

National Academy of Sciences, Washington 

Dr Arnold Hague, Secretary 
Smithsonian Institution, Washington Di Arnold Hague 

Washington Academy of Sciences Dr L O Howard 

On Monday night, July 15, 1912, exactly 260 years from the dale 
of the passage of the Charter by the Great Seal, Burlington House, 
l^ecome famous during the last 65 years from the notable social and 
si'ientihc functions of the Society, was brilliantly illuminated, and the 
delegates asnembled, many of them just from their steamerH and trams, 
for the purpose of registration and for informal meeting and the making 
and renewal of acquaintance 

The first formal function took place the next morning, I’uesday, tlie 
16th, at Westnunster Abbey The heat of the day was excessive It 
would have been excessive even m Washington, and in London it was 
almost overpowering The majority of the delegates wore academic 
dress, and the service was attended by many distinguished Englishmen 
higli m rank or m jiohtical service, one of the naves of the cathedral 
liemg resolved for delegates, the remainder of thtf space being filled bv 
London society Addison's superb hymn, “The Spacious Firmament 
on High,” was sung by the choir, and, while appropnate to the occasion 



124 


PROCEEDINGS ACADEMY OF SCIENCES 


in other respects, brought a smile to the bps of the Amenoon delegates 
when the words were chanted. 

Tho unweaned sun, from day to day, 

Docs hiH Creator's power display, 

And publishes to every land 
The work of an almighty hand 

The service was impressive in the extreme, and moat significant was 
the short address of the Dean of Westnuni^r based on the passage 
^*But truth abideth and is strong forever.*’ He recalled the {lerturba- 
tion which was wont to take possession of men’s mmds during the last 
century with regard to discoveries m natural science—perturbation 
which sometimes betrayed itself in fear, impatience and indignation, 
but times were now changed, he thought that he might claim to speak 
m the name of the whole world of contemporary C'hnstian thought 
when lie gave expression to the gratitude, which as a rule the clergy has 
little or no opportumty for offering, for the amazing ennehment of 
human tlioiiglii which had resulted from patient researches into natural 
hcience dunng the past 250 years, and m particular during the past SO 
voars They thanked God for the great and glorious work that had 
been done by the men of science fur the widemng of human thought, 
with all hunuhty they expressed then grateful obligation for the benefits 
which hail been rendered m Great Britain by the Royal Society 

In the afternoon of Tuesday, delegates were received m the great 
library of tho Royal Society, Burhngton House Sir Archibald Geikie, 
the President, was accompamed by Lord Rayleigh, Past President, Sir 
A B Kempe, Treasurer, Sir Joseph Larmor, and Sir J R Radford, 
Secretaries, and Mr Roliert Homson, Assistant Secretary The major¬ 
ity of delegates wore offinal robes or academic dress Among the 
scarlet doctors’ gowns were prominent the enmson and gold cloaks of 
home of the Gennan professors, the claret and gold uniform with brown 
fur cloak of a Hungarian delegate, tho mconspicuous but rather bizarre 
ohve-green uniform of memliors of the French Academy, and the silk 
robes and turbans of the Indian representatives The heat ogam was 
almost overpow^enng, and, although the library is calle<l “tho Great 
Library” the 300 delegates were so closely crowded that it required the 
intense mteroht of the function to overcome the feeling of personal 
discomfort 

Sir Archibald Gcikie, the President, in welcoming the delegates, was 
nocosHonly obligoil to make the rather tnto but none the less true obser¬ 
vation that no more striking proof than was presented by this assembly 
could be gi\en of the reality and cordiality of that spirit of frank and 
loyal cooperation which muted into one great brotherhood the students 
of science in every land and in every language He reviewed the events 
which leil to the grant of tho C^.harter of Incorporation by Charles II, 
and mentioned some of the famous names of men associated with the 
Royal Society and with the progress of science Starting its career 
with a notable group of physicists and mathematicians, among whom 
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were Robert Boyle and John Wilkins, it before long welcomed Isaac 
Newton mto its ranks, published his immortal ''Fnncipia,” and annually 
elected him as its President for nearly a quarter of a century He called 
attention to the fact that the physic^ sciences had all along been 
strongly represented in the Society It seemed but yesterday, he said, 
that James Clerk Maxwell’s voice was heard m those rooms and that 
Stokes and Kelvin sat in the presidential chair, that the succession of 
leaders was still well maintained, he called attention to the presence that 
day of Lord Rayleigh, Sir William (’rooks, Sir Jo<?eph Thomson, Sir 
Joseph Larmor, and any others Nor had the biological sciences 
been less prominent in the work of the Society From the early days 
of John Ray down to those of Charles I'larwin, Hooker, Huxley and 
Lister, every branch of biology has been illustrated and advancefl by 
the follows of the Society 

The ceremony of presenting addresses of congratulation followed 
Aside from the formal addresses there were speeches of complimentary 
character from a representative of each country For America, Prof 
W B. Scott, of Pnneeton, as Vice-Prewdent of the American Philo¬ 
sophical Society, was selected A notable mcnlent of this function was 
the prchontation to the Society by the Gorman academics and societies 
of a large bronze tablet commemorative of the work of the Royafl Siwiety 
and of the admiration held for it in Germany This tablet is to be set 
mto the walls of the Library at Burlington Hoube 

At night on Tuesday a banouet took place at the Guildhall The 
delegates were all present, and hundreds of men prominent in most walks 
of hfe m'England graced the function by their presence A glance over 
the table list shows many familiar nameb, from which are culled here 
and there a few which may be of especial mteroht to members of the 
Washington Academy Ijord Allerton, Lord Alverstone, the Arch¬ 
bishop of Canterbury, the Archbishop of York, Mr Asquith the Premier 
of England, Mr Balfour, Cardinal Bourne, Mr. Francis Darwin, Sir 
George H Darwin, the Dean of Saint Pauls, the Dean of Westminster. 
Pnnee Ahmed Fouad Pacha, Pnnee Boris Galitzm, Sir Archibald 
Geikio, Lord George Honulton, Mr Rudyard Kipling, Lord Morley, 
the Duke of Northumberland, Sir Wilham Osier, Sir William Ramsay, 
Lord Rayleigh, Lord Rcay, Hon Walter Rothschild, Professor Schaefer 
President of the Dntish Association for the Advancement of Science, 
Lord Strathcona, Lord Sudeley, liOid Tennyson, Sir William Thisleton- 
Dyer, Sir J J Thomson, and Sir J I Thomycroft 

Wherever one glance<l around the assemblage his eye fell upon some 
man of world-wi& fame 

At the conclusion of the dinner there was an extraordinary hst of 
toasts and responses The word “toaht-moater” in England at a func¬ 
tion of this kind has a different significance from the term os apphed 
m this country There the toast-master is literally an announcer of 
toasts On this occasion he was a very large man with a very large 
voice, who announced m stentorian tones at the request of the presiding 
officer the toasts w^ch were to be drunk, invariably oeginning “ My lords 
and gentlemen ” 
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A notable speech was that of Mr Asquith, Prune Minister of England 
It was hibtoncal in large part. One sentence which aroused lau^ter 
was as follows ‘'When the universities were ingrossed m the dm of 
cml war, 'to the neglect,’ as a contemporary writer says, 'of academical 
studies,’ science and philosophy took refuge m the comparative peace 
and tranquihty which the streets of the City of London could then afford ’ ’ 
Another pleasantry of the Prime Minister’s was given in the following 
wonls "In the same roll with John Drydcn is one of the chief victiins of 
his satire, George Vilhers, Duke of Buckingham, who, amid his various 
qualifications for the chief office of state, was as we know 'chemist, 
tiddler, statesman, and buffoon/ and I see from your records that his¬ 
tory tells us that when this, perhaps the most original of the original 
follows of the Royal Society was committed to the tower, a special 
laboratory was fitted up for him in order that he might praf^ice chem¬ 
ist! y, and, according to Bishop Burnet, he was 'neaily’ successful m 
discovering the philosopher’s stone—an illustration which suggests that 
sunie people might bo more profitably employed at present than at 
either Westminster or Whiteh^ " 

('haractonstic of the address of the Prune Mimster was the frank 
acknowledgment of the benefits denved by government from the work 
of men of science The administration of the grants of the Royal Soci¬ 
ety iM not, he said, a benefit eonferred on the ^ciety by the State, but 
n service conferred on the State by the Society 

That distinguished scholar and late eminent pohtioian, Lord Morley, 
propohcd the toast of universities at home and abroad, and hi^ address 
a most scholarly and able production 

The Archbishop of Canterbury proposed the toast of the learned 
societies m the old and new world, and called attention to the signifi¬ 
cance of the fact that this toast been entrusted to an ecclosiahtic 
lie called attention to the fact that Smitlifi(*l(l and St Paul's C/ioss were 
vorv near to the Guild Hall, and he believed that the time might be 
found when, if under that roof or under the roof which preceded it, they 
had seen a great gathering of orthodox occlesiasticB together with a 
gathenng of adventurous stmlents of science, they might have agreed 
that they were on the way to Southfield, that the one might sec the 
other suffer 

One of the speakers at tins histone dinner was a member of this Acad¬ 
emy, Dt R S Woodward, President of the (’amegie Institution of 
Waslungton 

The morning of Wednesday, July 17, was devoted to visits to places 
of interest m London, including the Zoological Gardens, the Bntish 
Musouni, the Natural History Museum, Victoria and Albert Museum, 
Jiambeth Palace, and Westminster Abbey The most perfect arrange¬ 
ments vicro made for the entertainmont of the lathes accompanying 
visiting delegates, and dunng this and the following mommgH arrange¬ 
ments had been made foi small parties to w*e many of the famous private 
houses of London, and a special reception was held in thoir honor 
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In the afternoon of this day the Duke and Duchess of Northumber¬ 
land Kave a fiarden party at Syon House on the Thames, about eight 
miles from Hyde Park Comer-^yon House, one of the famous housos 
of England, with beautiful grounds, containing a wealth of art Hun¬ 
dreds of London society people also attended the garden party 

In the evening one of tne famous oonversasiones of the Royal Society 
was held at Burlington House The contrast between a conversazione 
of the Royal Society, from the social point of view, and one of the social 
functions of the Washington Academy of Sciences is striking to say 
the least Wealth, beauty, and nobility abound at the one, while at 
the other the list is restneted to scientific attainments and personal 
beauty 

At Durhngton House on Wednesday mght, among other interesting 
exhibits, there were shown the chronometer by Arnold, used by C'aptam 
Cook on his second and third voyages, an electrical machine constructed 
by Doctor Joseph Priebtley, the original model of Sir Humphrey 
Davey’s imnor’a safety lamp, a pair of compasses which belonged to Sir 
Chnstopher Wren, and Newton^s original account of liis reflecting tele¬ 
scope 

Thursday mormng also was devoted to specially conducted visits 
to points of interest, and m the afternoon His Majesty the King, Patron 
of the Royal Society, and Her Majesty the Queen received the President 
and Coimcil of the ^yal Society and the delegates at Windbor Ci\Me 
This was a function that commanded especial mteiobt from the foreign 
delegates, and, curiously enough, especially from those coming from 
oountnes whose governments ore of the republican form The invi¬ 
tations alone, issued by the Lord Ohamberloin at the command of their 
Majesties, and the cards of entrance signed by (chesterfield, Lord Stew¬ 
ard, were sufficiently novel to the republicans to demand their vivid 
interest Special trains from PadihiifHon Station took the delegates 
to Windsor, and on their arrival at the famous castle they were con¬ 
ducted through the rooms by Lord (Ihoslerficld, and eventually formed 
in line upon the Rose Terrace Finally the King and Queen appeared 
descending tlic staircase, and stood alone at its foot Several iieison- 
ahties, including King Cleorge of Gicece, stood carelessly uiKin the stair¬ 
case above watching the proceedings The delegates, 3(K) in all, were 
grouped according to countries, and passed in single file, each receiving 
a warm grasp of the hand and some of them a pleasant word or so from 
both the King and Queen One of the members of the Washington 
Academy of Sciences, namely Majoi Squier, now military attache to 
the Umte<l States Embassy at London, and on this occasion represent¬ 
ing the Franklin Institute of Philadelphia, reccivetl an especial word of 
greeting from the King, with whom he had had a long personal inter¬ 
view a few days before on his arrival in London to assume his diplomatic 
jiosition 

Following this reception by the King and Queen, the delegates de¬ 
scended to tlie gaidens below, whoio a gigantic garden party, attended 
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by nine thouband of England’s best, was assembling. It was a beau¬ 
tiful day, the weather had grown milder although still bnriit and sunny 
The wonderful of green the Enghsh trees and turf—^the bnlliant colors 
of the summer c<Mumes of the women—^tho vanej^ted refreshment 
marquees—^the beautiful strains from several military bands—^the sound 
of the charming English voices as one passed'from group to group—, 
the feeling that one had that he was minghng with the best that England 
could produce m culture, in scientific attainment and social position— 
altogether produced an exalted condition of mmd not to be forgotten 

This royal reception at Windsor brought the celebration to a close 
so far as the official arrangements of the Royal Society itself were con¬ 
cerned, but, realizing that among the fellows there was a strong desire 
to offer to their guestb from foreign lands and from the Bntish domin¬ 
ions over the seas some less formal and more intimate hospitality, a 
numbers of the fellows gave private dinners, more or lesb especially to 
include those guests who lirought their wives and daughters with them, 
while the Royal Society Club invited the rest of the foreign and colomnl 
delegates to dine at the famous Trocadero Restaurant At this last 
dinner no speci hes were made 

On Friday visits were made to Oxford or Cambridge, as the dele¬ 
gates preferred Convocations w'ere held at each of the universities, 
and luncheons were given to the guests. At both umversities honorary 
degrees were conferred, and at Oxford, among others. Dr W B Scott, 
Blair Frofessor of Zoology and Paleontology in Princeton Umversity, 
was given the honorary degree of Doctor of Science At Cambridge 
Dr E B Frost, Director of the Yerkes Observatory, among others, 
was given the same honorary degree 

The writer had on previous occasions met with the charming hospi¬ 
tality of the Enghsh, and he liad liad opportumty to witness their 
genius in the organization of scientific meetings and international con- 
grcbscs and celebrationfe, but never had he met with such perfection of 
arrangement, such wealth of hospitality, and never had he been given 
such an insight mto many of the qualities which place the England of 
today m the high position which she occupies among nations os on 
tills occasion, and he dare not hope for another similar opportumty in 
one lifetime 

THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 

The 464th regular meeting of the Anthropological Society of Wash¬ 
ington, D C , was held December 17, 1912, at the National Museum, 
the President, Mr Stutson, in the chair 

Prof C V Piper read a paper on The Ftltpinoa and the problem of 
their government He began with a general r4sum4 of the insular condi¬ 
tions and various peoples dwelhng there, of whom he said the Negritoes, 
now found mainly m four islands but once in nearly all, are generally 
regarded os the onginol inhabitants, the Igorrotes and other wild tribes 
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» l;he next to arnve, the Filipinos next, perhaps about 500 A D and 
oros last, about the tune of the SptuHsh occupation At f<ome 
length he described the Filipino charactenstics, distinguishing between 
the small educated minority and the majority of ignorant laborers 
The most remarkable thing we are doing there, he said, is the attempt, 
for the first time in history, to educate an i^enor people en masse 
The Asiatic European colomes have little faith m its success 
Db Riley B Moore read a paper on Obaarvatxona tn St iMwrenee 
Idand This island in the Bering Sea includes one hundred by thirtv 
miles of treeless swamp and tundra inhabited by some two hundred 
and fifty people, the d5bna of five different tnbes Some of these 
resemble Sioux Indians, others are typical Mongobans, with all inter¬ 
vening kinds In summer they have a profusion of birds and fish to 
feed on, but in other scasous their food is whale-meat, seal-meat and 
walrus-meat They live with little ventilation and suffei from many skin 
diseases Tuberculosis also is very common The death rate has long 
exceeded the birth rate 

Wm H Babcock, Secretary 

THE CHEMICAL SOCIETY OF WASHINGTON 

The 217th regular meeting was held on October 10, 1912, at the 
Cosmos Club The general subjeet for the evening comprised reports 
on the meetings of the Eighth International Congress of Applied Chem¬ 
istry President Lb Clerc reportfsl on the international meetings, 
addressed by Bertrand, Duisberg, Eydo, Perkin, and Ciomicion Ex¬ 
periments were shown by the speaker illustrating Perkin’s success in 
fire-proofing cotton fabrics 

F K Cameron reported on agneulture and sibcate industries The 
most impiortant papers of the Congress, in his opmion, were concerned 
with the fixation of mtrogen F W Clarke reported on atomic 
weights and sketched the history of the International (’ommission W 
D Bigelow summarized the papers on bromatology and hygiene, pay¬ 
ing especial attention to thofie on analytical methodh, metabolism, and 
preparation of foods H E Patten reviewed the electrochemit.il paptTs 
in all the sections The papers on dust collection, sulfunc acid, and 
new alloys of tungsten and the iron group were given cbpccial attention 
by A L Day in reviewing the sections on inorganic and physical chem¬ 
istry Finally, C E Munhob spoke very interestingly of new develop¬ 
ments in explosives brought out in the section on that subject 
A specif meeting was held on October 24, 1912, at the Cosmos Club 
The following papers were read 

MouAwe deUmnnahon by meana of calcium carbide H C McNeil 
The apparatus used was briefly desenbed and examples of determina¬ 
tions m a wide variety of substances were given The metho<l gives 
results concordant within 0 2 per cent on quantities of the order of 
15 per cent Discussion by Tolman 
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Study of changes taking place in the conversion of cider into vinegar, 
L M Toluan The conversion of a large quantity of cider into vinegar 
was followed in a largo factory m Michigan The only important 
change that occurs is the conversion of the alcohol into acotio acid, the 
other substances present remaining nearly the same. The raw mate¬ 
rial, oltho varying from year to year, is remarkably uniform in com¬ 
position in a given year No general conclusions can be drawn from 
analyses of home-m^e vinegars, which vary quite widely 
In the discussion by Gore the fact was brought out that the yield is 
about 73 per cent ot the theoretical Alsberg and Seidell also dis¬ 
cussed the paper 

Potassium ammonomagnesaie and potassium ammondharate E. G 
Franklin The ammonia system of acids, bases, and salts was out¬ 
lined, and the analogy carried on into the amphoteiic compounds of 
zinc, lead, etc lint cuprous copper, thallium, banum, and magnesium 
also act as amphotenc elements in the ammonia system, and the salts 
named m the title are among those recently prepared The speaker 
showed the apparatus and desenbed the methods of manipulating these 
compounds Discussion by Foster, Johnston and Cameron 
The 218th loguloi meeting was held on November 14, 1912, and 
was devoted to the election of officers for 1913 as follows President, 
C E WATF4RS, Bureau of Standards, First vice-president, M X SuIjLI- 
VAN, Bureau of vSoils; Second vice-prcfeident, (’ L. Alsberg, Bureau 
of Plant Industry, Secretary, R B Sosman, Geophysical Laboratory, 
Treasurer, F P IDewey, Bureau of the Mint, Councilors, C' L Als- 
BRRG, Bureau of Plant Industry, S F Agree, Johns Hopkins Univor- 
hity, P 11 Walker, Bmeau of Chemistry, J A Le Clerc, Bureau of 
Chemifetry, Executive Committee, J Johnston, Geophysical Jjabora- 
tory,E W Bougiiton, Bureau of Chemistry, R C Wells, Geological 
Survey, E C McKblvt, Bureau of Standards 

Robert D Acting Sea etary 

The 219th meeting was held jointly with the Baltimore Branch of 
the Amencan ('hemical Society m Hokpins Hall, Baltimore, on No¬ 
vember 30, 1912 The folloi^nng papers were reail 

The t7}flammnMity of coal duU J C W. Frazer Discussion by C 
Caspori, Jr , W A Randall, B F Lovelaee, Marshall, Roundtree, and 
J A LeClerc 

The United States Pharmacopoeux, its origtyi, history and requirements 
Charles CAsrARi, Jr Discussion by Englehordt and Le Clerc 

C P Van Gundy, Secretary pro tern 

The 220th mtH'ting of the Chemical Societ\ was held 12 December. 
1012, at the Cosmos Club President-elet't C E Waters was elected 
vice-president of the Washington Acfuiemy to represent the Society. 
The following papers were reiwl ^ 

R B Dole of the Geological Survey The concentration of mineral 
UHders in relation to then therapeiihc activity The efficacy of the waters 
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of health resorts usually arises from other causes than the compoution 
of the water. The reactions of substances usually present m the min¬ 
eral waters are those of the positive or negative s^t radiealh Their 
effect can therefore be predicted by the experimental use of single pure 
salts in solution at known concentrations The following phenomena 
interfere with simple deduction from sueh experiments (1) cumulative 
effects of certain radicals; (2) “toleration” acquired agum'it certain 
radicals, (3) “mterference” of different radicals in the same water 
Examples of very concentrated waters m common use m the West were 
cited, to show that waters having concentiations well aliove the nor¬ 
mally active physiological dose could be u^d for years with no appre¬ 
ciable effect 

F C Cook, of the Bureau of Chemistry A comparison of plant, meat, 
and yeast extracts The paper was concerned largely with methodh, ancl 
can not bo bnefly abstract»l 

Discussion ijsberg suggested that removal of ammonia oi presence 
of some unrecogmsed compound would result in better agreement lu*- 
tween the Von Slyke and Socrensen methods for hydrolysed proteins 
M X Sullivan discubsed the presence of small amounts of creatimn in 
plants, probably too small to affect the test for distinguishing plant from 
meat extracts E (' Franklin also diseussed the paper 

A S Cushman and E B Wettenokl of the Institute of Industrial 
Research The eleUrolytic delerminalion of bn in canned food products 
Read by Mr Wettengel The usual gravimetric method for tin is 
tedious and expensive The electrolytic method is much simpler and 
shorter and was shown by thoro tests to give reliable results The 
pulped mateiial is digested with acid, neutiolized with ammoma and 
ammonium sulfide, freed from insoluble matter, and oleetrolyzed hot, 
ufling a rotating cathode DiscusMon by Taber and South 

A SRiDKMi of the Ilygieruc Laboratory anil F FENfiKB of Armour and 
Company Seasonal variation in the loihne content of the thijroid gland 
Rcoil by Seidell A parallelism exihth lictwecn the lodmc content and 
the physiological activity of commeicial thyroid as used in medicine 
A standard commercial concentration of 0 2 per cent lias been rei om- 
mended In orrler to obtain data upon the raw material used in manu¬ 
facturing commercial desiccated thyroiils, and to study the possibility 
of meeting such a standard, Mr Fenger collected samples at (’hicago 
fiom sheep, hogs, and cattle at two-week peiiods, each representing 
about 300 ammals Maxima of loilme wore found m all three between 
Soptemlier and November, and minima in summei A rather variable 
ash content was found due to the wear of the ball mills 

Discussion Waters suggested that the lodmc content varied with 
the amount of green food Seidell believed this was not the only cause 
of variation Dole suggested a geogiaphical variation, which was ad¬ 
mitted as a possible explanation in spite of the large number ot samples 
Alsberg adde# further evidence of a geographical variation Biinzel 
quoted the determinations of Koch to show a seasonal variation Dole 
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stated that no potable waters m this country have enough iodine to have 
any effect m preventing goitre^ if a lack of lo^e is the cause of that dis¬ 
ease Cook quoted his anal 3 r 8 e 8 of corals, showing a selective absorp¬ 
tion of iodine by these organisms 

Robebt B Sosuan, Acting Secretary, 

THE BOTANICAL SOCIETY OF WASHINGTON 

The 85th regular meeting of the Botanical Society of Washington was 
held at the CosmoH Club, Tuesday evening, January 7, 1913 The 
following scientific prograqL w^as presented 
Dk David Uhiffiphs Performances in species of opurdta (illustrated 
with lantern shdes) This paper will be pubhshed in the near future as 
a bulletin of the Bureau of Plant Industry 
Mr J B Norton Seme inineUim facia concerning the genueAsparagiis 
(illustrated with lantern alidoh) 'uiih paper gave a review of features 
connected with the work of brewing a rust rchistant vanoty of asparagus 
Asparagus officinalis has never bwn found to be completely immune 
to the attacks of its rust, Puennta Wtparagi Plants nearly immune 
to the destructive summer stages show no resistance to the aecidial stage 
of the fungus Resistance hconiH to be due to morphological causes 
Related species are attacked by the rust but the members of other sec¬ 
tions of the genus seem immune The genus Asparagus and its relatives 
are entirely limited to the old world, the majority being African A 
study 18 being made of the lelationships of tms group and many new 
char*icters ba^^ed on the manner of growth, routs, btemh, leaf scales, 
cladodeb, etc , have been found The ariangement .of the stomata on 
the clododes ih very characteristic in the various groups The old 
genus Asparagus contains several very distinct groups of species entitled 
to generic rank 

Only one hybnd form of known parentage has been secured, a cross 
between A o^nahsimdA davuncus Many other combinations have 
failed to prmluce seed Asparagus grows rapidly,—some species average 
mne inches'per day The seed germination takes from twelve days with 
officinalis to sixty or more days with some African species Several new 
ornamental forms wore described 

C L Shear, Corresponding Secretary 
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RADIOTELEOpjVPHY —The mea'nirement of received radio- 
telegraphic signals L. W Austin, U S Naval Radiotele- 
graphic Laboratory 

(A) A tester for rectifying contact detectors The measure- 
ment of radiotelegraphie signals at a great distance from the send¬ 
ing station 18 compheated by the fact that tlie most common type 
of detectors, the contact rectifiers, can not in general he depended 
upon to give the same sensitu eness at aU times This tyjie of 
detector has a great advantage over others for quantitative work, 
inasmuch as it can be used with a galvanometer as well as with the 
telephone. Experience shows that the loudness of signal in the 
telephone as measured by the shunt method is exactly propoi- 
tional to the deflection of a galvanometer placed in the same cir¬ 
cuit, and in the case of nearly all types of rectifiers proportional 
to the square of the oscillatory current In a former article* 
I have described a method of calibrating the detector in terms of 
received current in the antenna This method, while highly satis¬ 
factory m a laboratory or large station with moie or less labora¬ 
tory equipment, is not suited to the use of the oidinary operator 
and quite impossible for use on shipboard since it mvolves neces¬ 
sarily two highly sensitive galvanometers and somewhat fragile 
thermoelements 

In order to overcome these difRculties I liave arranged a form 
of detector tester which serves to establish the sensitiveness of 
any rectifying detector at any given time The principle of the 

‘ Bulletin, Bureau of Standardn, 7 295 1011 • 
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apparatus is as follows A buzzer-dnven circuit of 6xed induc¬ 
tance and capacity has its high frequency current square measured 
by a sensitive H B hot wire watt meter giving full scale for 
0.03 watt To the buzzer-dnven circuit is coupled a second cir¬ 
cuit with fixed condenser and two fixed mductanoes tuned to the 
buzzer circuit. This intermediate circmt is introduced to prevent 
any direct effect of the buzzer on the detector. To this second 
circuit IS coupled with a fixed coupling a third circuit consisting of 
a fixed mductance, stopping condenser and the detector to be 
tested A Paul microammeter of about 250 ohms resistance, 
giving two divisions per microampere, is placed around the stop¬ 
ping condenser in senes with the telephones reguldrly used with the 
detector* The plan of the apparatus is shown in the figure, 
and the value of the inductance and capacities are shown in the 
table. 

ler 



Fig 1 Rodio-Oetcotor Tester 


B, Encsson buzzer, 3 ohms 

S, 1 or 2 dry cells 

a. Variable resistance 
A = 2000m* 

Li * L» B La « L* Inductance » 0 4 m h 
Cl, Fixed air condenser >» 0 0028 m f 

Ct, Fixed air condenser « 0.0014 m f. 

W, H. & B. hot wire wattmeter, 6.5 ohms. 

M, Paul Microammeter, 250 ohms. 

T, Telephony 2500 oh^. 

D, Detector under test. 

* The object of plat ing tho telephonea m the circuit is to ensure an approzfanately 
normal amount of reautanoe in senes with the detector 
■ Shorter wave lengths do not give onough energy to bo measured on the watt¬ 
meter without using too much current thru the busser contact. 
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It will be seen tiiat this detector tester differs from others m 
that the wave lengths, inductances, couphng, etc., are fixed 
and the test becomes simply the measurement of the response of 
the detector to a defimte amount of high frequency excitation 

The sensitiveness of the detector is determined by observmg 
the deflection on the imoroammeter corresponding to a reading 
of 0.005 watt on the wattmeter in the buszer circmt The ratio 
of wattmeter to microammeter reading may be expressed m terms 
of energy required to produce a response, arbitrarily taken as the 
least audible signal under average conditions. This energy cali¬ 
bration of the detector tester is made once for all by means of a 
detector calibrated immediately before by the thermoelement 
and galvanometer method. 

For example, a'‘eertain detector, which by the method already 
mentioned^ has been shown to require 3.1 X 10~* watts to pro¬ 
duce an audible sound m our standard laboratory telephones, 
produces when placed in the tester a deflection of ten divisions on 
the imcroammeter for a reading of 0.005 watt on the buzzer cir¬ 
cuit wattmeter Now, if some other detector be placed in the 
tester and gives five divisions for the same wattmeter readmg, 
it IS half as sensitive as the first and requires 6 2 X 10-* watts 
for audibihty m the standard telephones. 

Experience has shown that the amount of energy required to 
produce a certain strength of signal from the detector is indepen¬ 
dent of the wave length and approximately mdependent of the 
spark frequency.* It has also been found that, when the detector 
circuit is coupled to the antenna just closely enough to produce 
maximum strength of signal, the energy is equally divided between 
the antenna and the detector circuit * From tlus it follows that, 
if we know the energy in the detector, we have a measure of the 
received energy and, if the lotal resistance of the antenna, includ¬ 
ing that mtroduced by the coupled detector circmt be known, and 
the effective height of the antenna be also known,^ from the 

* Bulletin, Bureau of Standards, 7 206 1011 
, * Entirely so for galvanometer defleotion 

* * Bulletin, Bureau of Standards 7 301, 1011 

* T Ruedenberg, Ann d Phys 25 446 1006 Journal of the Washington 

Academy, 1 275 1011 a 
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btrength of signal or galvanometer deflection we can deternune at 
once the mtensity of the electric field at the receivmg pomt. 

Some detectors, for example the penkon,* can not be calibrated 
with the microommeter as their adjustment is disturbed by the 
amount of high frequency eneigy reqiured to make a suitable 
deflection For such detectors the following method of cahbra- 
tion may he used The middle circmt may be opened and leads 
of about 50 cm m length brought out to a coil of two or three 
turns of wire wound on a hard rubber core. On this same core, 
at a sufficient distance from the first coil to give proper coupling, 
a second coil of say 0 1 m h is wound, and to this coil is connected 
the detcctoi to be tested with suitable stopping condenser and 
telephones with an audibihty meter of the type described in this 
paper shunted across them In this case the audibihty meter 
takes the place of the microammeter of the first method and the 
enuphng should be adjustod and made permanent for an audibility 
of about 100 tunes with an average detector for a wattmeter 
rcadmg of 0 005 watt. 

(B) An audibUily meter For the determination of the loud¬ 
ness of the signals in the telephone by the shunted telephone 
method, the most convement form of shunt resistance box is 
one in which all the resistances are controlled by a single dial 
arm In general, thirty to forty studs are sufficient, givmg differ¬ 
ent degrees of audibihty varymg by approximately 20 per cent 
The exact inducti\o resistance of the telephone, of course, vanes 
with the spark frequency, and to a lesser extent with the capacity 
used m the stopping condenser which seems to affect the wave 
form of the rectified pulses. The mductive resistance of modem 
2500 ohm telephones used with a stoppmg condenser of not more 
than 0 02 microfarad at a thousand sparks per second, is approxi¬ 
mately 5000 ohms With the old fashioned low frequency spark, 
the mductive resistance differs very little from the direct current 
resistance If the resistance box is made for use with a defimte 
telephone and a defimte spark frequency it may be very conven¬ 
iently marked in audibihty instead of in resistance. 


• The iilioon on tho contrary la very stable 
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The following are the values of the resistance units and corre¬ 
sponding audibility for 2500 ohm telephones at 1000 sparks per 
second in an audibility meter designed at my suggestion by G. W 
Pickard 
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MINERAIX)GY.— A danger to be guarded againat in making 
mineral separations by means of heavy bolutwns W F Hilde¬ 
brand, Bureau of Standaids To appear in the American 
Journal of Science and the Zeitschr Kryst Mineral 

The occasional action of heavy hulutions on mmerals ih usually 
evident to the eye. When using Thoulet’s solution of mercury 
and potassium iodides to separate from its ganguo a carnotite 
from Paradox Valley, Montrose (county, Colorado, carrying cal¬ 
cium instead of potassium (probably identical with the tuy- 
amumte of Nenadkevioh,* the author found that the calcium of the 
mineral was largely, if not wholly, displaced by potassium, without 
visible alteration, altho Mr. H E. Merwm observed a large de¬ 
crease in the optic axial angle to have resulted. The observation 
shows how important it is to assure oneself, when using heavy 
solutions, that such chemical changes are not meurred. Question 

* Hull Acad Soi St Petersburg, 1012, p 045 
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anses as to the validity of some formulas that have been assigned 
to minerals which have been separated by heavy solutions. 

The calcium camotite will be described m detail by Mr. Mer- 
wm and the author m a later jiaper. 

*MINERAIjOGY .—Two varieties of calcwvolborthite (?) from 
eastern Utah. W F Hillbbrand, Bureau of Standards, 
and H. E. Mkrwin, Geophysical liaboratory. To appear 
ii\ the American Journal of Science and the Zeitschr. Kiyst. 
Mmeral 

Descriptions m some detail will appear in the above named 
journals of two hydrous nunerals, one essentially a vanadate of 
copper, the other an arsenovanadate of copper and calcuim. The 
nunerals were briefly mentioned by J. M. Boutwell in BuUetm 
260 of the U S Geological Survey a number of years ago, but 
analyses were not published. Better material not being forth¬ 
coming the analyses are now put on record, together with results 
of recent optical study. For the present both minerals are referred 
referred to calciovolborthite, since the molecular ratios show closer 
relationship to that imperfectly described species than to any 
other. One variety is yellow green, with tittle arsenic, the other, 
highly arsenical, is greenish yellow. The latter is pseudomorphic 
after the former. The looahty of occurrence is Richardson, in 
the canyon of the Grand River, Utah. 

BOTANY .—Ivory palms in Panama. O. F. Cook, Bureau of 
Plant Industry 

New materials for the study of the ivory palms (Ph 3 rtelephan- 
taceae) have become available in the collections of econonuo 
plants secured in Panama m 1911-12 by Prof. H. Pittier of the 
Umted States Department of Agriculture The series is more 
extensive than any obtained by previous explorers and throws 
light on the geographical distribution, morphology and classifica* 
tion of this long-n^ected family. It may be that special stu¬ 
dents and collectors of palms have felt at liberty to neglect the 
ivory plants because some botanists have denied that Phytele- 
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phas iH really a palm, tho there is no adequate reason for such a 
separation. The nearest relatives of Phytelephas arc to be found 
m other American famibes, such as the Cocaceae and Mamcana- 
ceae, whose status as true palms has never been questioned ‘ 

GEOGRAPHICAL DISTRIBUTION OF IVORY PALMS 

The new specimens from Panama were obtained m four differ¬ 
ent localities; two near the Caribbean Coast, one near the nuddle 
of the Isthmus and one near the Pacific Coast In each case a 
different species was secured, and all four of the species appear to 
be different from two others previously represented in the Eco¬ 
nomic Herbanum of the Department of Agriculture In addition 
to the places where specimens were collected Professor Pittier 
heard reports of the existence of ivory palms to the north of the 
Isthmus, and this information is substantiated by Dr A E 
Heighway of Bocas Del Toro, Panama, who states that ivory 
palms exist m small numbers in several places, most of them back 
a few miles from the coast, along the foothills Thus it appears 
that the geographical distribution of the ivory palms extends 
beyond the Isthmus, so that the family Phytelephantaceae 
must be included in the flora of North America. 

The genus Phytelephas was based originally on two Peruvian 
species, from the eastern slopes of the Andes. One species has 
been described from the Paciiio coast of Ecuador and another 
from the Magdalena Valley of Columbia. Thus only four defi¬ 
nitely localized species are known from South America to six in 
the region of Panama. Tho existence of so many local species 
in the narrow limits of the Isthmus makes it seem probable that 
more careful study of the South American members of the group 
will result m the discovery of a much larger number of specific 
forms. Even on general biological grounds it would not be 
expected that species with such large heavy seeds would retain 
their contmuity over wide areas of dislnbution. The first require¬ 
ment for an ^equate taxonomic treatment of the group is to 

^ O F Cook, Relationships of the ivory palms Contributions U S National 
Herbanum 18 133 1910 



140 


COOK IVORY PAIiMB IN PANAMA 


learn the characters which enable the species to be distinguished. 
In this respect the materials from Panama are of special value 
for they show several new Imes of specialization not previously 
employed in the diagnosis of species 

NKW CHARACTERS IN IVORY PALMS 

External sculptufe of fruits The species are all alike in having 
the external shell of the fruit divided into raised polygonal areas, 
each beanng a pyramidal tubercle or spine, but the areas are 
larger in some species than m others and have larger or more 
robust spines In coarsely sculptured species the spines attain 
a length of about 2 cm , m other species they are only half as long. 

Cortical fibers. These form a lining of close-set bristles on the 
inner wall of the external shell of the fruit, to which they are 
firmly attached Indeed, the shell seems to be formed by a pro¬ 
gressive hardening of the corky tissue in which the bases of the 
fibers are embedded The species differ notably m the develop¬ 
ment of the cortical fibers, some having only short weak hbers and 
others long stiff fibers* In most cases the hbers are about as 
long as the external spmes, but they may be longer or shorter. 

Pulp fibers. The space between the cortical fibers and the true 
mesocarp fibers that form a coating around the nuts is occupied 
at first by a fleshy pulp In some species the pulp seems to be 
entirely fleshy, so that only an empty space is left in&ide the cor¬ 
tical Iming after the pulp has disappeared. In other species there 
18 an open framework of loosely connected fibers, especially near 
the base of the fruit 

Mesocarp fibers In addition to the pulp hbers there is a com¬ 
plete fibrous sheath around e.ach of the nuts, not unlike the meso¬ 
carp of some of the cocoid palms, except that the fibers are not 
attached to the shell of the nut Some species of ivory palms 
have the mesocarp fibers rather coarse and stiff, while in others 
they are very fine and thin and ore compacted mto a fabric, 
plough m some cases and brittle m others Finally there are 
cases where the mesocarp fibers are so shghtly developed that no 
^coherent layer ls formed and the dried pulp breaks away from the 
surface of the nuts in angular scales. The mesocarp sheath may 
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be clofiely adherent to the endocarp or shell of the nut, or free and 
readily separable from the nut One species has the sheath much 
larger than the nut as though separated in the fresh state by a 
layer of pulp. 

Style In most of the species the style disappears in advance of 
the maturity of the fruit, but one of the new species from Panama 
has a persistent woody style 

Columella. Most of the species ha\ e a short column or bundle 
of compacted fibers suspended from the center of the cortex of 
the fruit in the position of a placenta The species with the per¬ 
sistent style also has a more Hpecializod, persistent columella 
extending down between the nuts nearly to the position of the 
hilum 

Hilum The hilum is very prominent in some species and 
neaily flat in others The shape diiTeis fnnn long oval or ellip¬ 
tical to nearly round The fibiovascular pits arc irregular and 
scattered over the surface of the hilum in some species while in 
others the pits are nearly round and confined to a relatively small 
area in the ooiddle of the hilum * 

Adhilum This name is apphed to a peculiar specialization of 
the shell of the nut to form a distiru't piocess or spine at the upper 
angle of the margin of the aperture, close to the hilum In some 
species the adhilum is a small rounded prommence or angular 
tooth, but in other cases it is developed into a slender acicular 
spine. The adhilum is formed of the same hard material as the 
shell of the nut, but is so brittle that it ls usually broken off in 
removmg the mesocarp, which may explain why it has not been 
noticed before 

Seed coats. The shell of the nut has a linmg of fine fibrous 
material through which the branches of the raphe are distributed 
In some species this lining is free from the true seed coat and m 
others completely umtod with it In the former case the branches 
of the raphe are not exposed, but appear as raised veins on the 
luung of the shell. In the latter case the branches of the raphe 
are expos^ on the kernel as it comes from the shell, because the 
fibrous lining is tom apart mto two irregularly separated layers, 
one adherent to the inner surface of the shell, the other to the 
true seed coat. 
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DIAGNOSES OF NEW SPECIES FROM PANAMA 

Phytelephas pUtien Trunk ercot, attaining a height of about 8 meters, 
with a dimeter of about 25 cm , leaves about 12 with short petioles and 
about 70 pairs of pinnae equally spaced along the raohis, m^e inflores¬ 
cence oylmdncal, about 1 20 meters long, i^e flowers with 300-400 
stamens, fruits 8^ in a head, with large external spines Collected at 
Puerto Obaldia, Panama, August, 1911, by H Pittier (No 4323), type 
m U S National Herbarium, No 716082 

Phytdephaa cornvMia Trunk decumbent, creeping by numerous roots, 
leaves about 20, with about 90 pairs of equally spaced pinnae, fruits 
5-6 in a head, witli 6 -7 nuts in each fruit, cortex with rather long and 
slender spines, and a persistent woody style, cortical fibers long and 
slender, not densely crowded, compacted under the style into a persistent 
hardened columella about 2 cm long, pulp and mesocari> fibers only 
slightly developed, the latter forming a very thin fragde layer ailherent 
to the surface of the nut, hilum surrounded by a prominent margin 
bearing the adhilum as a long slender spine Collect^ in the Rio Fat6 
Vallpy, near Nombre de Dios, Panama, August 10, 1011, by H Pittier 
(No 4230), type in U S Nationid Herbarium, No 691786 

Phylelephaa brevipf', Trunk very short, male inflorescence about 15 
cm lung, fruits broad and flat, or slightly depressed m the middle, 9 
in a head, with 6 nuts m a fruit, cortex with rather coarse robust spines 
and r.ather short corticaMGliers, pulp fibers distinct, but few, mcsocarp 
fibers abundant, formed into a tough cloth-hke sac entirely free from 
the nut and with an open space l»twccn, nuts rather large, usually 
strongly compressed, adhilum suhinargiiial, transverse, triangular, c.iri- 
nate on the upper face Collected at Gasapasabana, Upper Momoni 
River, Panama, October, 1911, by H Pittier (No 4473), type in U S 
National Hcrliarium, No 6796^ 

Phylelepha'f brachinus Trunk robust, decumbent, attaining a length 
of about 3 meters and a (hameter of about 40 cm , fruits somewhat 
rounded or lenticular, scarcely depressed m the middle, but sloping to 
the sides, 5-6 in a head, with 5-6 nuts in each fruit, cortex with rather 
small slender spines, cortical fibers very short and weak, pulp fibers 
slender and sparse, mesocarp fibers very delicate and weak, but forming 
a rather tough, parchment-like membrane adherent to the bony endo- 
carp; nuts short and with the upper surface sloping outward, hilum 
sm^, oval or elhptic, not promment, with a cluster of small rounded 
pits near the middle, odhilum represented by a small rounded triangular 
prominence Collected at Garacbn4, San Miguel Bay, near the south 
coast of Panama, by H Pittier; type in U. 8 National Herbarium, No 
691785. 

Payldephaa brachelus Fnuts obcomc or obpyramidal,‘||Nth a strong 
central depression, 9 m a head, with 6-7 nuts m each fruit; cortex wiw 
very short spines, about 0 5 cm , cortical fibers well developed, attorn¬ 
ing a length of about 1 cm , pulp and mesocarp fibers thin, the latter 
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rather abundant and forming a rather thick, partly adherent covering 
of the endocarp, nuta rather long, hilum basal, somewhat prominent, 
nearly circular, with scattered coarse pits, adhilum rejin^nted by a 
shght swelling above the margm Supposed to come from Panama, but 
• the locality unknown Fnut head received from J R Smith, Waterbury, 
Conn, m Economic Herbanum of U S Department of Agnculture, 
beanng U. S. National Herbanum No 691784 

More extended descriptions with numerous photographic illus¬ 
trations have been prepared for publication, in connection with 
a general review of the South American species 

BOTANY — A new genus of davaUund ferns ‘ William R. 

Maxon. 

In revisuig the treatment of the pteridophyta for the second 
edition of the Flora of the Southeastern Umted States the wnter 
has found it necessary to remove finm the genus Odontosoria 
the species known latterjy as Odontosona cUmUa (L) J Smith 
and to refer it to a new genus, Sphcnomeris The publication 
of this volume having been delayed, it seems desirable to pub¬ 
lish this name elsewhere, since a paper' dealing with the species 
of true Odontosoria (with references to Sphcnomeris) is already 
in proof and may conflict in date of publication with that of the 
Flora, 

In the unpublished treatment of Odontosona just mentioned 
it is pomted out (1) That the genus Odontosoria, as recogmzed 
by Diels in the Pflanzenfamilien of Engler and PrantI, comprLses 
two sections or subgenera, the first (Eu-Odontosona) contaimng 
rather small species of erect or ascendmg habit and determinate 
growth, the second (Stenoloma) containing three nominal species 
of mdefinite scandent growth, (2) that these two groups are 
entitled to recogmtion as distinct genera, and (3) that, adopting 
this view, it IB necessary to apply the name Odontosona to the 
second group, the large climbing species, rather than to the hrst, 
as has been done erroneously by Diels. The grounds for this 
disposition jare then presented, together with a review of the 

> Publuhed by pennuaion of the Secretary of the Smitheoman Institution 

' Contr U 8 Nat Herb 17, part 2 (unpublished) 
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taxonomic history of Odontosona m its broad sense and a revi¬ 
sion of the American species now properly to be referred to that 
genus 

The group of species of upright or ascending habit and deter¬ 
minate growth, of which the Odonioaona elamta of authors is a 
familiar example, has no valid name It may be characterized 
briefly as follows 


Sphenomena Maxon, gen nov 

Mainly tropical firns, wnth slender creeping haicy rhizomes Fronds 
subfnsciculnte, erect or ascending, of small or raixlium size, stipes not 
jointed to the rhizome, lamina 3 or 4 times obliquely pinnate or pinnati- 
fld, the divihions alternate, the ultimate segments strongly cuneate, 
veins free Son tcnmnal at or near the truncate apex ol the segments, 
single or 2 to 4 joinetl, mdusia similar in texture to the oppos^ loaf- 
margm, flaltish, porketdike, attaehwl at the bast' and sides, single at 
the clavate apices of the veins or, if joined, homo ujion a translucent 
receptacle connecting these 

The type species and apparently the sole American representa¬ 
tive of this genus is 

Sphenomeris clavata (L) Maxon 
AHiantum damtum L Sp PI 1090 1753 

DavalUa davata J E Smith, Mem Acad Turin 6.415 1703 

Stenoloma clavatum Gen Fil 330 1852 

Lindwya davtUa Mett Ann Soi Nat IV. 15 04 1861 

SchizoUoma damium Kuhn, Cboctop 346 1882 

A large senes of specimens of S davata is at hand from south¬ 
ern peninsular Flonda, the Bahamas, Cuba, Porto Rico and 
Jamaica 

Two common Old World species may also be mentioned 
Sphenomeris retusa (Davallxa retuaa Cav.) and Sphenomens 
chinensis (AdtarUvm ehinenae L ), both agreemg closely with 
S davata in habit. * 
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HELMINTHOLOGY .—Draconema A remarkable genus of ma¬ 
rine free-living nematodes. N. A Cobb, Bureau of Plant 
Industry, Communicated by Frederick V Coville 

Few nematodes, if any, are more remarkable than Draconema. 
From a comparative anatomical point of view it takes rank with 
the bifurcated Lepidonema The main features of Draconema 
are illustrated m the adjacent cut. Though the head end is \ery 
pecuhar, all its peculiarities are more or less oompreheasible 
While the cephalic setae, amphids, mouth, oesophagus, and car- 
dia, all present singular features, yet these features aie referable 
to known types of nematode anatomy Even the sudden loss m 
diameter behind the oesophagus, tho unique, is understandable 
on the supposition that unusual flexibility is required m this 
region owing to some odd habit of life 

In contemplation of the remainder of the anatomy, however, 
one becomes lost in amazement, and can only speculate on the 
nature and function of the compheated longitudinal series of 
lateral and subventral appendages Th^ appendages arc found 
fully developed on both sexes, young or adult, and must, therefore, 
have to do with functions exercised at various stages of growth, 
and without regard to sex. 

As we know little of the habits of Draconema beyond the fact 
that it occurs on or near led manne algae of strands m various 
parts of the world, speculation concerning tho functions of its pecu¬ 
liar organs may be idle One might suggest that the form of the 
body indicates peasibly that the species inhabit tubes, which they 
may be imagmed to construct, or which they may hnd already 
constructed and adapt to their uses The existence of such a 
dwellmg would harmomze with the expanded head and with the 
slimness of body beliind the neck Supposmg the head end to 
be thrust out of the tubular home, the advantages of a limber 
body m seekmg food can bo reftdily understood. So too, the 
senes of tubular organs imght fit m with such a confined habit 
of life, and have to do with the construction and repair of the 
supposed tube, or with locomotion, or with aeration, by producing 
currents of fresher water inside the tube. 
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Of great interest also are the adjacent associated internal ven¬ 
tral organs, the details of which suggest the discharge of important 
functions. These internal structures are rich in chromatin Their 
number and distribution indicate that in some way they are 
definitely connected with the tubular organs. 

From a scientific standpomt it is especially desirable that fur¬ 
ther observations be made on this remarkable nematode 

The followmg notes relate to the suggested type species of this 
new genus. 

77 

Draconema cephalcUa, n. hp j, 5^ *al The trans¬ 

parent, colorless layers of the cuticle are traversed by 800 to 
900 plam transverse stnae The stnae are rather uniformly 
fine on the body, but are much coarser on the antenor half of 
the neck, tho they suddenly cease on the head just behind the 
amphids ^ 

The fusiform neck ends in a rounded head, set off by the absence 
of stnations The mouth opening, it would appear, is surrounded 
by BIX forward-pomtinglips, somewhat longer than they are wide, 
each rounded m front and supported by a forward-projecting 
pair of slender chitinous ribs It is possible that the lips are 
three in number, and each two-parted In any case they are so 
grouped as to form an elevated area on the muddle of the head, and 
are surrounded by six short, forward-pomting setae, having a 
length about equal to the width of one of the wide cervical annules 
The non-striated portion of the head boars numerous arcuate 
forward-pointmg setae of variable size, the largest being half as 
long as tho neck is wide, while the shortest are not very much 
longer than the nunute labial setae already desenbed The 
amphids are shaped like the end of a shepherd’s crook. Their ‘ 
antenor margins he close to the lips, their posterior portions near 
the beginning of the stnations. Measured crosswise at the widest 
part they have a width nearlyls great as that of the group of kps 
when these latter aie closed. All the more promment cephahe 
setae are on the dorsal side of the head. On the dorsal side of 
the left amphid, near the stnations, there*i8 a pair of stout setae 

^ Proposed new term for tho organs hitherto called "lateral organs ” 
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Xiao 


— f 


а, cephalic setae 

б, aixiphid 

^ cervical striae 
a, posterior ditto 
r, nerve-rinp 
ft ocBcmhaguB 

X I cardia 
_ , renette' (?) 
ti intestine wall 
j, cuticle 
^l stump of seta 
It intestine lumen 
m, end of testicle 
til spermatocyte 
Of Bpermatosoon 
p, somatic seta 
qt vas deferens 
» r, body cavitv 
«, tiibiform append- 

s^ triform append¬ 
age shown larger 
tt ejaculatory duct 
«, ventral organ 
Vt a male seta 
W| 3 caudal gland h 
7 , anus 

Vt right spiculuni 
t,Vaccp8Bory piece 


placed close together 
one in front of the 
other; there is a similar 
pair on either side of the 
dorsal line, and another 
pair on the dorsalJside 
of the nght ampbid, 
there arc also similar 
pairs between these sub- 
lateral and Rubdorsal 
pairs;—six pairs m all. 
These twelve setae on 
the dorsal face aie the largest on the head, 
but others occur to the number of a 
dozen or more, both on the dorsal and 
ventral faces. 

On the neck and thniout the body there 
are numerous, very slender, spreading se¬ 
tae, havmg a length about equal to 
the width of the neck, so that on the 
slender portion of the body immediately 
behind the oesophagus their length is 
egeater than that of the correspondmg 
body diameter. The nature and distn- 
^ B bution of these hairs mdicate unusual sen- 

Fig 1 Draconema Hitiveness to external influences. 

cephaUUa 

> Proposed new term for organ previously known as the "ventral gland " 
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There are no eyes 

When the lips are closed the phaiynx appears as an elongated, 
narrow, irregularly fusiform cavity, reaching well mto the anterior 
oesophageal bulb, and ending opposite the anterior cervical stria- 
tions. The greatest width of the pharynx is about equal to the 
distance between two successive striations of the adjacent cuticle 
Near its hind end it suddenly widens out a httle and tlicn con¬ 
tracts again There are no traces of pharyngeal teeth The 
oesophagus is somewhat dumbbell-shaped, and consists of two 
bulbs connected by a shoit tube one-third as wide as the neck 
The structure of the oesophagus and head suggests that the mouth 
can be opened widely. The intestine is built of cells of such a size 
that few are required to complete the circumference —probably 
two to four 

There are no male ventral supplementary organs of the asual 
character. 

It remams to describe the peculiar series of arcuate tubular 
organs, found on both sexes on the postenor portion of the body 
in front of the anus There arc four senes of these organs, two 
lateral and two ventrally submedian The lateral sets compnse 
lunc pairs Each organ consists of a colorless, transparent, non- 
staimng, arcuate, hollow tube, curving shghtly backwards, but 
on the whole arranged nearly at right angles to the ventral sur¬ 
face The outer extremity of each tube is enlarged a httle and is 
distmguishcd from the remamder of the tube, not only by its 
width, but by difference ui structure, for it is somewhat bell- 
shaped, and has an axial portion correspondmg to the tongue of 
the beU The tubes have a diameter about equal to the width 
of one of the adjacent annules, but are not perfectly uniform in 
diameter thruout their length, in fact taper gently from base to 
tip. That portion of the body occupied by the tubular organs 
IS supphed with peculiar mtemal ventral bodies, the number and 
position of which correspond, approximately at least, with the 
number and position of the tubes It is not that there is one of 
these bodira to each tube, but rather tha^all the tubes in the same 
zone are associated with one of the internal bodies These cel¬ 
lular bodies are ventral in position and their number is about 
nine. 
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The adult female of Draconema cephaUUa is unknown. Females 
of other undeecribed spemee show the vulva as central and the 
internal female organs double, symmetrical and reflexed, the 
rather short ovaries reaching well back towards the vulva The 
eggs in these other species are usually prolate and thm-shelled, 
and few m number, generally only one in each uterus, and appear 
to be deposited before segmentation begins. 

Habitat. Marine algae, or sand at their base, shoal in King¬ 
ston Harbor, Jamaica, also the strand of a small island off Poit 
Royal, Jamaica. 
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PHYSICS — A 9%mphfied formula for Uie change %n order of inkrferenoe 
due to changes in temperature and pressure of atrJ Ibwin G. Pbibst. 
Bulletin Bureau of Standards, vol 9, in Press 
The author developed independently for use at the Bureau of Stand¬ 
ards the following correction formula 

kJ-^ _ 

\l+«, ^ !+«<. / \380X/ 

where (i > lower temperature Centigrade, t$ » higher temperature 
Centigrade, 6i pressure in mm, of mercury at temperature tj, bt — 
pressure in mm of mercury at temperature distance between 

mirrors, ^ - refractive mdex at 0^ 760 mm , a « coefficient of expan¬ 
sion of air, X B wavft length 

He noticed later that the formula published by Pulfnch,* vis 


ITiT 


_ 1_ r 2(^-l)a 'l 

l+afi L X J 


l(bi-bi) 


1 2(m-1) ] 

l+of, 1 760X, J 


could be reduced to this simpler and more convenient form. The 
denvation of the new formula is given and the two formulas are compared 
as to convemence in practice I Q P. 


‘ To understand this abstrai t the reader must see first Pulfiioh Zeit ffir Inst 
K U 456 

* The sign in Pulf noh’s paper is in error if the expression u to give the eometton 
not the error 
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PHY8ICS— N(Ae on the calibrtUton of optical pyrometerb pAin. D 
Foots Metallurgical and Chenucal Engineeniig, 11 97. 1913 
This note is a suggestion of a method for the calibration or checking 
of optical pyrometers. The only new feature is the construction of the 
“ black body” upon which the pyrometers are sighted A small enclo¬ 
sure, turned on the end of a graphite conical tube, dips mto a graphite 
crucible contaimng 1000 to 1500 grams of molten metal, the jiot being 
heated withm an electric resistance furnace Melting and freezing 
curves show the proper value to assign to the pyrometer reading, the 
flat part of the curves corresponding to the temperature of melting 
or of freezmg PDF 

MINERALOGY —A ^udy of the toumudme group Waldemar T 
ScHALLER Zeits f. KryAallc^aphie und Mineralogie, 61 321- 
343. 1912 

Analyses of tourmahnes from Elba and California are given as well 
as their crystallographic constants, densities and refractive mdices 
The correlation of the physical and chemical properties is undertaken 
and by using also the available published data, the following conclusions 
are reached (1) The general formula proposed by Penfield and Foote, 
namely HsontSuOii, is confirmed (2) Some analyses do not give 
enough water to yield the ratio 12 Si9!i4HiO but only 12 SiOt 3HiO 
(3) The phenomenon of solid solution (as distmct from isomorphous 
mixture) does not play any role in tounnalme. (4) The percentages of 
Al|0| and RO vary reciprocally in direct proportion (5) The mmeral 
tourmalme can not be represented by two, three or four defimte formu¬ 
las General formulas can be deduced but at least four are required 
The number of defimte formulas or components, as they may be called, 
18 large, not less than eight and probably more. (6) The crystallographic 
and physical properties vary in relation to the changes in chemical com¬ 
position but the trustworthy data available are too meager for an exact 
correlation Nevertheless all the dotermmed changes arc always in 
the same direction and approximately of the same order of magmtude, 
as shown by the diagrams in the ongmal paper Those tourmahnes 
oontauung about 35 to 36 per cent AlsOi show the maximum specifio 
gravity, nkraotive mdices and double refraction and the longest (>axis. 

W. T S 
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MINERALOGY — The crystallography of natramhlygomie Waldd- 
MAR T Schallkr f. Krystallographie und Mineralogie, 

51 246r-247 1912 

Crystals of natiamblygonite (NalAl(OH,F)]P 04 ) from Cafion City, 
Colorado, are descnbetl They are very close to those of amblygomte 
in their interfacial angles and show similar crystal forms. TY. T S 

ECONOMIC GEOLOGY — The commercial marUes of western Vermont 
T N Dale Bulletin 521, U S. Geological Survey, pp 164 and 
index, 2 colored geological maps, with sectionB, viewb, diagrams and 
micro-drawings 1912. 

Altho this bulletin has to do mainly with the calcite and dolomite 
marbles it includes brief accounts of the Roxbury serpedMne and the 
newly discovered chromo-nuca schist marble of Shrewsbury It com- 
pnses a brief manual on marble in general, an account of the local areal, 
structural ami historical geology, and the economic application of 
stratigraphy and petrography to the marble industry In the scientific 
part the ongin of dolomite is discussed and new facts are adduccnl to 
show that altho dolonutization of CaCOi does occur some dolomite is 
probably of direct sedimentary ongm In the economic part the Ver¬ 
mont marbles are btandardizeil as to texture by their average grain 
diameter by the Rosiwal method and aie compared with various Euro- 
p>ean marbles All the marbles described ore clobsified commercially 
and scientifically There ore also chapters on values, adaptations, 
marble machinery, the probable amount of unexplored fharble m western 
Vermont, scientific prospecting for and the testing of marble Three 
bibliographies of marble are given, scientific, economic, and local, albo 
a glossary of technical li^rms T N D 

HEREDITY — Heredity and cotton breeding, O F Cook Bulle¬ 
tin 256, Bureau of Plant Industry, pp 113, 0 platen, 19 text figures 
1913 

This bulletin attempts to present a more concrete conception of the 
nature of heredity, and to utilize this conception in the elucidation of 
practical breeding problems Many current ideas of hereility derived 
from the study of sclf-fertihzed plants are not applicable to normally 
open-fertilized types hkc cotton and com In dealing with such plants 
the “pure line” conception of heredity as represented by a condition of 
uniformity and stabihty of characters should give place to a recognition 
of diversity and free interbreeding as the normal antecedent condition 
of heredity and of evolutionary progress 
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The uniformity of pure bred groupb ih an artificial result of restriction 
of descent to single or narrow Imes, not a return to an onginal stage of 
punty and uniformity Selection should lie consiilered as a means of 
r^ulatmg the expression of characters, not of eliminating characters 
from transmission Contmueil selection is nccohsary to mamtam uni¬ 
formity of expression m improved stocks 

A fundamental distinction between transnussion and expression is 
recogmied The study of heredity, as far os it in concerned with the 
actual variation of plants and ammals, is the study of expression rela¬ 
tions Investigations of heredity instead of being directed so largely to 
the discovery of the mechanism of tiansimssion should seek first to 
understand the relations that govern expression As a step in this direc¬ 
tion names are proposed for some of the moie important expression rela¬ 
tions When the expression of one charac ter depends upon or conduces 
to the expression of another character the relation is called “symphamc ” 
When the expression of one character inhibits or mterfeies with the 
expression of another the relation is called “antiphanic ” When the 
expression of one character neither favors nor interferes with the expres¬ 
sion of another the relation in called “paraphamc ” 

Other relations of expression are shown by the different results secured 
in first generation hybrids In some hybrids there is a blended or com- 
bmal (mixophamc) expression of the contrasted characters In other 
cases one of the parental characters is suppressed (hypophamc), allow¬ 
ing the opposcsI character to appear as dominant (epiphamc) When 
both of the parental charactcis ore suppressed, so that a more primitive 
cliaracter appears, the result may be desenbed as reversive or atavistic 
expression (palimphamc) 

Attention is given to the influence of external londitions upon expres¬ 
sion, and to the relation of expression to vigor and fertility, including 
intensification of characters in conjugate hybnds and degeneration m 
perjugate hybnds. Coherence in the expression of characters derived 
from the same parental stock is recogmzed as on obstacle to the formation 
of Mendehan combinations of cliaracters of different species Inter¬ 
mediate (metaphanic) expression of characters often involves sterility, 
not only m hybnds between species, but also in case of incomplete differ¬ 
entiation of specialised organs of the same plant Thus in cotton 
bract-hke leaves and leaf-like mvolucral bracts are often accompamed 
by sterility The bulletin concludes with two summanes, one of general 
conclusions regarding the nature of heredity, the other of applications 
to methods of breeding O F. C 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE WASHINGTON ACADEMY OF SCIENCES 

The 81st meeting of the Washington Academy of Sciences, the fif¬ 
teenth annual meeting, was held at the Cosmos Club, 8pm, January 
16, 1913, with President F V. CoviUe m the chair and 40 members 
present The mmutes of the previous annual meeting and of all sub¬ 
sequent meetings were read and approved The reports of the offacers, 
of the Auditmg Committee and of the Editors of the Journal were also 
read and approved 

The report on the ballot by mail for offieers for 1913 showed the 
following elections President O. H. TimiAN, non-resident vice-pres¬ 
idents, John Mcib, F W Putnam, Corresponding secretary, Abthub 
L Day,‘ recording secretary, W. J. Huhfhbbtb, treasurer, Alfrkd H 
Brooks, managers, class of 1916, Vernon Bailey, Fred Eugene 
Wright 

The newly elected president, Mr O H Tittman, then took the chair 
The following were elected resident vice-presidents as nominated by 
the affihated S^etios Anthropological Society, F W Hodge, Archae¬ 
ological, Mitchell CorroU, Biofogioal, E. W Nelson, Botamc^, Edgar 
Brown, Chemical, C E Waters, Engineers, G W Ldtlehides, Entomo¬ 
logical, A L Quamtance, Foresters, W B Greeley,^Geological, T W 
Stanton, Historical, James Dudley Morgan; Philosophical, C G Abbot* 
On motion by Mr F V Coville, Dr. F. W. Clarke was asked to 
address the Academy. In reply Dr. Clarke congratulated the Academy 
on Its several activities, and especially on the excellence of its Journal 
and on its Exhibit of Apparatus, Methods and Results in the New 
National Museum, March 28, 1012 He also expressed the desire that 
a similar eidiibit be held again this year 
On motion by Dr A Bauer a vote of thanks was extended to the 
Business Manager and to the Editors of the Journal for their splen^d 
work of the past year 

Tlie robnng president, Mr F V. Coville, then printed his address. 
The fomiatum of Uqf - nuM , which appears m full in this Journal 3* 77 

W J. Humphreys, Reeordtng SecrOary 

* Resigned G K Burgeu eleotsd by Board of Maasgsrs, January 30,1018 
' Elected by Board of Managers, January 20,1018 
«Elected by Board of Managers, January 20,1018. 

IM 
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THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 

The 465th regular meeting of the Anthropological Society of Wash 
ington was held m the National Museum at 4 30 p m January 21 
1013 the president Mr George R Stetson in the chair 

Db Tou a WiUiiAMS read a paper on The dream in the life of the mind 
Dr Williams said trance vision ecstasy and disease delirium are closely 
allied to the dream state The psychopathology of them all illuminat^ 
formerly imcomprehendcd diseases In a dream (illustrated by a case) 
mental perturbation may crystalhse as it were and lend to rampageous 
behavior On the contrary dreams may be teleologically benehcial as 
where a vision saved a young woman from suicide as was the case also 
with Benvenuto Celhm 

They are more often a mere reproduftion of former experiences more 
or less bigmhcant and more so m psych ijiatl ic individuals such as m a 
young hysteric who dreamed of faUing down wells nssasbinations and 
death all painful experiences of her childhood 

Dream thought apparently confused is really sigmficant of the mental 
trend of the mdividual when properly analyst and mterpreted (^e 
dreams all the tunc hut recollects only that dreamed within seven 
minutes of waking The form of dream c m be detenmned by external 
stimuli This IB demonstrated in spite of its contradiction by some psy 
ohopathologists 

Ihere was no discussion The meeting then adjourned 

Wm H Babcock Secretory 

A special mt etmg of the Anthropological bocu ty of W ishington was 
held on February 4 1913 at 4 30 p m m tlie National Museum the 
president Mr George R Stetson in the chair 

Dr Ciark Wib&LEB Curator of the Department of Anthropology 
in the Amencan Museum ot Natural History New York read a paper n 
The doctrine of evolution and anthrop I gj An attempt was m^e to 
distinguish between cultural phenomena on one hand and biological 
on the other Especially to make clear that cultural phenomena are 
not inherited tho the instinct to develop culture or to invent is most 
certainly inborn It was sunested that the hibtoncal attitude of pr(s 
ent day anthropology should^ taken as expressing the < iiltural point 
of view Culture itself seems to be associated with habit complexes or 
constructs of tbe mmd and not to be in any way innate or mbom but 
to be an external affair preserved and earned on entirely by learning 
Cultures develop and have an evolution of their own but since they are 
not inhontod ^ey cannot be considered parts of a biological develop 
ment 

The psycho physical mechanism of man is biological and innate and 
constitute man s equipment for the production of cultures Anthro 
pology holds that the mechanic is general m so far as it is not hmited to 
any particular culture and that it enables tho mdividual to practise 
any culture he may meet tho not necessarily to equal degrees 
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When we come to consider the biological theory of evolution we find 
that it applies to the psycho-physical mechanism but not to culture 
For cultures we must have another jiomt of view or theory and this in 
America, at least, is the histoncal or cultural conception This concep¬ 
tion IS m general that cultural traits are the results of invention, a mental 
process, and their development or evolution is to be taken as a histoncal 
ami psychological problem 

The paper was briefly discussed by Dr Folkmur, Dr Swanton and 
Dr Hough 

Wm H Babcock, Secretary. 


THE GEOLOGICAL SOCIETY OF WASHINGTON 
The 262d mating was linld in tho CosmoH Club, DocpidIkt 11,1912 

RBOULAR PROORAU 

Presidential address—»S'<w«e vanahons in Upper Crttnceous abatig- 
raphy T W Stani^jn This address appears m full in this Journal 3 
55 1913 

The twoiitietli annual meeting was then held 

The rejmrts of the Secretaries and Treasurer were read and accepted 
The following officers were elected for the year 1913 President, F 
L IlANbOME, first vice-president, David White, second viee-president, 
Artiittr Keith, treasurer, Sidney Paioe, bccretories, R W RiniARDs, 
Fr\nk L Hess, Members-at-large-of-the-eouncil, Wm C Alden, 
Adolph Knopk, CJ E Sierentiial, P S Smith, E W Shaw 
Dr T W Stanton was nominated as candidate for the viee-presi- 
(leney of the Washington Academy of Sciences to represent the Geo¬ 
logical Society 


R W Richards, Secretary 
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MINERALOGY .—Calcium vanadates from Peru, Colorado and 
Utah W. F. Hillebrand, Bureau of Standards, Fred E. 
Wright and H. E. Merwin, Geophysical Laboratory 

Among the vanadium minerals brought to this country from 
Mmasragra, Peru, a number of years ago by Mr. Foster Hewett 
and briefly described by bun were two, the one red the other 
orange, which analyses made by one of us (H) at the time showed 
to be hydrous calcium vanadates, probably hexavanadates 
Later, the semor author (H) received at different times from 
Messrs T. F. V. Curran, A. G. McNaughton and R H. McMillen, 
a red vanadium mmeral from western Colorado, found in the Joe 
Dandy claim of the General Vanadium Company of Amenca, 
Paradox Valley, Montrose County, about 12 imles from Natunta. 
This mineral, impregnating and flUing cavities in a fnable sand¬ 
stone, closely resembles one of those from Peru 
Still more recently, samples of smular mmerals from an unknown 
location in Paradox Valley and from Thompsons, in eastern 
Utah, were shown us by Mr Frank L Hess of theU. 8 Geo¬ 
logical Survey Optical evidence proves that the one from Para^ 
dox Valley is the same as the red vanadate from Peru. The 
other, from Thompsons, Utah, as also the mmeral from the Joe 
Dandy claim, differs in habit and also optically m some respects 
from the Peruvian mmeral, ,tho ehenucally there is qualitative 
if not quantitative similanty. 

The object of this note is to secure our n(^t to study further 
and to name these minerals. An important feature of work still 

167 
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to be done is the determmation of the condition of the water—a 
tedious task—and the quantitative anal 3 rBis of the nuneral from 
Utah, hence it may be some tune before we shall feel warranted 
m presenting our completed work. It will be better to describe 
all the minerals in one comprehensive paper, than to publish 
now incomplete details to be supplemented later. 

Besides the red calcium vanadates we received from Messrs 
McNaughton and McMillcn a black friable sandstone, also from 
the Joe Dandy claim It is not carbonaceous as one might sus¬ 
pect, hut the black color is due to a vanadium mineral occurring 
m mdistmct pnsms (whether this is a calcium compound or not is 
as yet undeternuned). It is somewhat doubtful if chenucal 
study will leveal its exact composition, for other vanadium com¬ 
pounds are present with the black one, as is indicated by the 
existence of vanadium m three states of oxidation, corresponding 
to V,0», VjOi and V 2 ()j The greater part of the vanadium is in 
the VjO* state, and to this the color of the rock seems to be due. 
In the couise of tunc the specimens have taken on a greenish cast, 
but on freshly broken surfaces the color is still black 

It IS much to be desired, both from scientific and commercial 
standpoints, that a carpful geological exploration of the uramum- 
vanadium bearing areas of western Colorado and Eastern Utah 
be undertaken at an early date These areas are liemg contin¬ 
ually extondcil as new discoveries are made 

BO^’ANY -.1 neic generic name for the aapote O F Cook, 
Bureau of Plant Industry 

Much confusion has attended the application of generic names 
to two Important tropical fruit trees, the sapote and the sapodilla, 
the latter Ixnng the tiource of the chicle gum of commerce Addi¬ 
tional facts that tend to simplify these nomenclatonal comphea- 
tions ha\e come to light dunng a recent review of the subject. 
The hnal lesult is to show that the generic name Achras belongs 
defimtcly to the sapodilla tree, and that a new generic name is 
^required foi the sapote The reasons of these conclusions may be 
summarized as follows 
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The Liimaean name Achras is a direct substitute for Plumier's 
genus Sapota. It was based by Linnaeus in his Genera Plan- 
tarum on Plumier’s figures of an oval-fruited form of the sapodilla. 
The first binomial use of Achras in the first edition of the Speaes 
PlarUarum is also typified by a reference to Plumier, so that there 
IS no alternative to Achraa zapota Lmnaeus as the name of the 
^podilla. In the second edition of the Species Pkmtarum Lin¬ 
naeus made the mistake of supposing that Plumier’s oval fruit 
was a sapote, and the erroneous synonomy of this work has misled 
many later authors. 

The retention of Plumier’s name Sapota in Miner’s Gardener’s 
Dictionary (7 Ed., 1769) does not justify a revival of this name, 
sinco Miller followed Plumier in basing the genus on the sapodilla, 
tho the sapote was mcluded as a second species. Some writers 
might consider this a reason for transferring the name to the 
sapote, but if such changes m the appheations of pre-Linnaean 
names are to be permitted no advantage of stabihty is gamed by 
accepting the substitutions made by Linnaeus Tho such cases 
have not been the subject of direct nomenclatonal legislation, 
they are covered by imphcation under the rule that the substitu¬ 
tion of a new generic name does not change the type of a genus. 
This seems to preclude the idea that the type can be changed in¬ 
formally, merely by refernng other species to the genus In 
other words, the use of a genenc name for species that are not 
congeneric with the original type should not be allowed to change 
the appheation of the name This is also partially recogmzed 
under another rule that provides for the selection of types of 
genera adopted from nonbinomial hterature from those of the origi¬ 
nal species that receive names m the first binomial pubUcation. 
The effect of this provision is to allow Linnaeus to change the 
applications of names as well as to substitute new names, so that 
all of the genera of Linnaeus’ Genera Pkmtarum can be typified 
from the species placed under them in the Species Pkmtarum 
But to extend this freedom to other authors who reverted, often 
quite casually, to the pre-Linnaean generic names, is to lose the 
practical advantages of the method of types The recognition 
of a pre-Linnaean genus by a post-Linnaean author, tho it may 
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be supposed to revive the name under the binomial system, 
should not affect the apphcation of the name 
The earhcst bmomial name apphed to the sapote seems to have 
been Jacqmn’s Siderorylum sapota ‘ The descnptive phrase 
accompanymg this name refers to the compound calyx or involu¬ 
cre which IB a pccuhanty of the sapote, and there is also a citation 
of Sloane’s plate of “The Mammee Sapota tree” of Jamaica. 
Jacqum’s species was adopted by Linnaeus in the second edition 
of the Species PlarUarum, but Jacqmn’s specific name would have 
become a homon 3 mi if transferred to the genus Acliras and was 
replaced by Achras mammosa Linnaeus * 

Neither Sidoioxylum nor Lucuma is available as a genenc 
name for the sapote, both being based on species that are no longer 
treated as congeneric with this tree. The name Vitellana, bor¬ 
rowed from Oaertner and apphed to the sapote by Radlkofer, 
has lieen rejected by later writers and remains a hyponym, not 
having been aswK'iated with an identifiable genenc type Two 
other genenc names, Calospermum and Caloearpum, proposed 
for the sapote by Pierre, prove to be homonyms 
A new genenc name Achradelpha is accordingly proposed, with 
Achradelpha mammosa (Linnaeus) as the type species 
A more extended statement of the case, with dibcassions of 
some of the nomenclatonal pnnciplcs involved, has been offered 
for publication in Conti ibutions from the U S National Herbar¬ 
ium 

BACTERIOLCKIY. -The destruction of bacteria in milk by vltra- 
inolet'rays'* S Henry Ayers, and W T Johnson, Jr 
Dairy Division, Bureau of Ammal Industry. Communi¬ 
cated by Kail F KoUerman 

Dunng the past few years much attention has been given to 
the bactencidal action of ultraviolet rays Numerous investi¬ 
gators have found that the ultraviolet rayh of short wave length, 

* Enumoratio pi Inn Cirib 1700 

• fipcoioa Plantarum, 2 od 1 460 1762 

■ The coiu]>letc data, obtained in this work will b« published us a bulletin of the 
Bureau of Animal Industry 
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from 3000 to 2000 Angstrom umts possessed a powerful bacteri¬ 
cidal power and have endeavored to make a practical use of this 
fact Water when clear has been successfully treated by the ultra¬ 
violet rays but when applied to milk the attempts to obtain a 
stenle product have not been so successful. 

The object of the present work has been to determine if it is 
possible to stenlize milk by the ultraviolet rays and also how 
practicable the process would be 

In these expenments milk was exposed over two drums revolv- 
mg m troughs in such a manner that milk was picked up from a 
tinugh in a thin layer by one drum, then taken off by a scraper 
and conveyed to a second tank where it was picked up by the 
second drum After going over the second drum, the milk was 
collected by a second scraper which conveyed it to a sterile flask 
This apparatus enabled us to obtain layers of milk of different 
thicknesses by rotating the drums at various rates of speed which 
also, of course, vaned the length of exjKisure 

The ultra\iolet rays were generated by a quartz mercury 
vapor lamp operating on a 220 volt direct current circmt takmg 
3 5 amperes The light tube of the lamp was at a distance of 
four inches alxivo the surface of the drums In general, it may 
be said, that the thickness of the layer of milk exposed averaged 
about 0 1 mm. The length of exposure over the two drums 
was about two seconds, when the drums were making 20 to 24 
R.P M and about one second at 50 to 56 R P M 


EXPOSED IfXtE 


CVhTUOL Mil E 

1 r>niiiia inHktiiE 
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When milk was exposed in this apparatus, veiy satisfactoiy 
bactenal reductions were obtained as shown in the above table. 

Thruout the experiments the temperature of the milk during 
exposure never was over 30*’C. (86°!^. Consequently high tem¬ 
perature played no part m the destruction of the bacteria. 

Numerous experiments were performed to determine the action 
of the rays on vegetative cells and spores and to study numerous 
conditions which affect the power of the rays. A few experi¬ 
ments were also made to detennme the possibility of stenhzing 
milk bottles by the rays. The results can be best presented m 
the form of a summary as follows' 

1 Wlien milk was exposed in thm layers to ultraviolet rays 
there was a marked reduction in the bacterial content. 

2 The action of the rays was entirely independent of the action 
of heat since the temperature of the exposed milk was never over 

ao^c. (86®F) 

3 The most satisfactory method of exposure was over two 
revolvmg drums the tops of which were at a distance of 4 inches 
below the light tube of the lamp 

4. The two factors of greatest importance m the successful 
application of the rays were the thickness of the layer and the 
length of exposure. A thin layer allows a more complete pene¬ 
tration of the rays and the longer the exposure the more chance 
they have to act 

5 Ultraviolet rays exerted a greater bactericidal action on 
vegetative cells in milk thmi on spores when exposed under the 
same conditions 

6. No greater action of the rays on bacteria was observed when 
the bactena were weakened by pasteurisation immediately pre- 
cedmg the exposure 

7 From the study of two samples of milk exposed to ultra¬ 
violet rays it was apparent that the rays not exert any specifio 
bactericidal power on any particular group of bactena in the milk. 
As stated before, however, there was a difference m the action of 
the rays on bactena in the vegetative and spore state 

8 Under similar conditions of exposure there seemed to be 
somewhat less bactenal reduction in a 15 per cent cream than in 
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milk . This was probably due to the fact that the cream when 
picked up by the revolving drums was in a thicker layer than 
was the milk. 

9. When milk was exposed under conditions smtable for a 
satisfactory reduction of the bacteria by the ultraviolet rays 
there was also produced an abnormal, disagreeable flavor. This 
flavor would render the milk unsaleable. 

10. A large percentage of the bacteria in normally dirty and 
artificially infected milk bottles were destroyed by exposure to 
the rays The best results were obtamed when the bottles were 
exposed directly under the lamp, the top of the bottle being about 
4 mohes from the lamp tube. When bottles were exposed on one 
side of the lamp and not directly under it, poor results were 
obtained. It was not possible to completely stentise the bottles 
even after a ten mmutes’ exposure 

CONCLUSIONS 

The experiments indicate that with quartz mercury vapor 
lamps of the present power and construction it would not be pos¬ 
sible to completely sterilize milk by the ultraviolet rays 

It might be possible to obtain bactenal reductions as great as 
by pasteurization, even on a commercial scale, by the use of large, 
revolving drums and a number of lamps However, *in milk so 
treated there would be no assurance of the complete destruction 
of pathogemc organisms since the rays do not seem to exert any 
selective destructive action on vegetative cells Of course, since 
pathogemc organisms might be assumed to be present m a small 
number in proportion to the total bacteria in milk, if 99.9 per cent 
of the organisms present were destroyed, it might be assumed that 
that the pathogenic bacteria would be destroyed This process, 
however, would not afford the same security as does proper 
pasteunzation. Then,*agam, it would be difficult on a commercial 
scale to control constantly the factors which influence the bacten- 
cidal action of the rays Aside from these pomts the disagree¬ 
able flavor imparted to the milk by exposure to the rays renders 
the process impracticable on a commercial scale 
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It IS also doubtful if the lamps could be made to compete sue- 
ressfully with the present method of steaming milk bottles in order 
to partially stenbzo them 

In conclusion, it must be stated that we have not intended to 
make this work an exhaustive study of the appheation of the bac¬ 
tericidal power of the ultra\'iolet rays It is therefore possible 
that better results may be obtamed m the future by use of more 
powerful lamps and different methods of exposmg the milk 
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Authors of scientific papers are requested to see that abstraets, preferably 
prepared and signed by thomsolvos, arc forwarded promptly to the eilitors Kath 
of the scientific bureaus in Washington has a representatiie authorised to for¬ 
ward such material to this journal and abstracts of ofiicial publications should 
be transmitted through the rcprcsentatiTC of the bureau in which they oiiginate 
The abstracts should conform m length and general style to I hose appearing in 
this issue 

OCEANOGRAPHY — A tAudy of thi '.ahndy of the surface u'ater in the 
North Paafic Ocean and in the adjacent enclosed Sea', AubTiN 
Hobart Clark Snuthflonian Miserllaneous Colloetions, 60 No 
13 1-13 1912 

I’he complete salinity records of the AZfwilrost cruise of 1906, corrected, 
lire here given The oriKinal observations wen* maile by the author 
A short prehminary account of the seasonal vanation in salinity on the 
California coast, and of the conditions in the Bering Sea, as worked out 
from the AU)atro<is records, ib included 

In addition there is a short sketch nl the siirfa* e variations in salinity 
and of the surface currents, mostly taken from the works of Vice-Admiral 
Makaroff A H C 

PHYSIC'AL C’HEMISTRY — On the effect of high pressures on the phy<,i- 
cal and chttnical behavior of ',olid substances John Johnston ami 
L H Adams, of the Geophysical Lal)orator> American Journal 
of Hcience (4), 36 20ry-254 1913 

This paper is an endeavor to review and to defino the pn*sent status of 
our knowledge of the eflfect of high pressures on tHh behavior of solids, 
to reconcile some of the conflicting statements on the subject to be found 
in the literature, and to indicate the conclusions which maj justihably 
bo drawn from the available evidence, especially with reg^ml to their 
application to the discussion of geological phenomena Some of this 
confusion results from the employment of indefensible entena in ascer¬ 
taining the character and magnitude of the change produced by preimure, 
aa, for example, in determining tlie effect of pressure in promoting chem¬ 
ical reaction between solids, but in the mom it is due to failure to take 
into account the fact that the effects produced depend upon the charac¬ 
ter, or mode of action, of the corapresHion The effects are different, 
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according as we are deabng with pressure luufonn m all directions (true 
hydrostatic pressure) or with a mode of compression which does not 
satisfy this condition, in other words, the effects vary—as indeed is 
almost obvious—according as the solid retains its original form or under¬ 
goes deformation 

Uniform pressure has a comparatively slight effect on the melting 
point, it usually raises it, and by an amount, which in the sjrstems hither¬ 
to investigated, is seldom greater than 10°, and never greater than 30°, 
per 1000 atmospheres Its effect on solubibty is shght, and for practical 
purposes neghgible as compared with the influence of temperature upon 
solubihty. Uniform pressure tends to further those reactions which are 
accompamed by a decrease of volume, but it by no means follows that 
it will cause these (or other) reactions to occur, for whether a reaction 
takes place or not is determined by its velocity under the particular 
conditions, and such evidence as there is tends to show that reaction 
velocity IS not much affected by uniform pressure 
The effects of norMimfonn pressure greatly outweigh those of umform 
pressure It alimys lowers the mcltmg-pomt and raises the solubihty, 
and by amounts which are many times greater than the corresponding 
changes with uniform pressure If we make the plaiuuble assumption 
that permanent deformation of a crystalline aggregate is condition^ by 
a real local melting (of those parts, which at any moment bear the brunt 
of the load), wo find the amount of pressure required to cause melting 
at ordinary temiierature to be within the bounds of probability Such 
we believe to be the efficient cause in produomg most of the phenomena 
recorded as occurring when solid systems were submitted to compression. 
This view, while it coordinates satisfactorily the whole of the experimen¬ 
tal work hitherto done, conflicts with none of the available direct evi¬ 
dence 

It follows therefotj^that wo can determme the effect of pressure on a 
solid system only if ^ can define the character of the compression (with 
reference to its approach to uniformity or otherwise) as well as its magm- 
tudo, and even then, only when the requisite thermal and other data, 
characteristic of the system, are available J J and L. H A 

ENOINEERINO —The teehng and properttea of textile matenah 
Bueau of Standards Circular 41, 1913 
The scope of textile testing which the Bureau of Standards is now 
prepared to undertake is summarised below 
1 Determinations upon raw and unspun fibers (a) identity of fiber. 
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(b) approximate length; (c) moisture content and “regain”, (d) quan¬ 
tity of oil, grease and foreign substances contamed, (o) percentage losh 
m scouring raw wool 

2 Determinations upon yam, thread and twine (a) length, (b) 
tensile strength and elasticity, (c) count or number, (d) twist, (c) per¬ 
centage of loading, suing and coloring material, (f) percentage fiber 
composition 

3 Detenmnations upon fabric (a) weight, (b) teiunle strength and 
elongation, (c) peremtage fiber composition, (d) thread count, (e) yam 
number of sue, (f) folding endurance, (g) action of light on colors 

* W. S Lbwis 

ENGINEERING — Physical testing of cotton yams W S Lewis 
Technological paper No 19, Bureau of Standards (In press) 

The mvestigation consisted m a study of smgle and two ply yams as 
to variations in size, twist and tenale strength of yams witluncops, 
bobbins, skeins, etc, and also their behavior under vanous relative 
atmosphenc humidities W S L 

GEOGRAPHY — A stttdy of bwlogteal paleogsography in its bearing on 
the origin of man in America Austin H Clark Science (N S), 
M 669-670 1912 

A short sketch of the ancient land connectioiu between the Americas 
and other land masses, with the conclusion that man probably entered 
America over a broad land area connecting Alaska with northeastern 
Asia A H C 

I 

PAL£ONTOL(XjY —Restoration of the genus Eldonia, a genus of free 
swimming Heiothunana from the Middle Cambrian Austin H 
Clark Zoologischer Anzeiger, 39 Nr 25/26 S 723-725 1912 

A figure of a restoration of the curious holothunan described by Wal¬ 
cott as Eldonia ludwigi is given, together with a description of the animal. 

The figure is a composite from all the figures published in the onginal 
paper A H C 

BOTANY — A synopsis of the red firs Wiluah H Lanb Proceed¬ 
ings of the Society of American Foresters, 7 No 2 1912 

This u a discussion of the distinguishing oharactenstios of noble fir 
{Abies nobilis Lindl), red fir {Abtei magnifiea Murr), and Shasta fir 
{Abus shastenais Lem). Much confusion exists as to the distnbution 
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of these species in California and Oregon and especially m the region of 
the Klamath National Forest, where noble hr of the north is associated 
mth red hr and Shasta hr of the south To facihtate correct reports of 
the occurrence of the red firs, the ronspicuoiib characters by which they 
may be most convemently recognized are set forth with keys, photo¬ 
graphs of typical couch, and drawings of leaf sections and of cone scales 
with bracts W H L 

A' 

ZOOLOGY — De^cnplions of eleven new crinoidi. belonging to the families 
Calometndae and Thalaasometndae discovered bii the Siboga in the, 
Dutch East Indies Austin H Clark * Zoologischpr Anzeiger, 
39 Nr 11/12- S 42(M28 1912 

Shoit prclitmnary diagnoses are here given of new species m these two 
families found by the Siboga A H C 

ZOOLOGY — Seventeen new East Indian cnnotds belonging to the families 
ComnsUndac and Zygometridae Austin H Clark Proceedings 
of the Biological Society of Washington, 26: 17-28 1912 

Short preliminary diagnoses are herein given of seventeen now species 
of Comastcridae and Zygpmetndae discovered by the Soboqa m the 
Dutch East Indies A H C 

ZOOIjOGY — Nnunuichoermus, a new genus belonging to the ennoid 
family Phrynoenmdae Austin H Clark Proceedings of the 
U S National Museum, 42 195-197 1912 

The genus Nauniachocnnus, herein described, is closely related to the 
genus Phrynocrinus, heretofore the only known genus of the family 
Phrynocrinidae 

Naiimacliocrinuh is from the Hawaiian Islands, and is the first stalked 
cnnoid to lie reported from that region, Phrynocrinus is from southern 
Japan, where it was discovered by the author in 1906 A H C 

ZOOLOGY — Six new East Indian ennouh belonging to the family Chari- 
iotnetndac Ausnx H ('lark Proceedings of the Biological 
Society of Waslungton, 26 77-84 1912 

Short preliminary diagnoses are herein given of mt new species of 
Charitometndae discovered by the Siboga in the Dutch East Indiea 

A.H C 
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ZOOLOGY —Notes sur les cnnoxdm actuels du musium d'Mstoire natur^ 
eUe de Pans. Austin H Clark Bulletin du Museum d'Histoire 
Naturelle de Pans, No 4,1911 243 260 1911 

A complete hst of the cnnoids in the collection of the Pans museum, 
with redescnptions of the tjrpes of Lamarck and of Muller, detailed 
desenptions of the more mterestmg bpecimens other than types, and a 
detailed histoncal introduction 

The work upon these specimens wah clone in Pans A H C 

ZOOLOGY —Die Fauna SudwestrAubiraliens Cnnoidea Austin 
Hobart Clark ElrgebmHse der Hamburger Hudwest-australisohcn 
Forflchungsreise 1905, Bd 3, Lief 13, S 435-467 1911 

This paper is based upon the collection of Wcfltem Austiahan enn- 
Olds, pnneipally from Shark Bay, made by Dr» Michaelsen and Hart- 
meyer while on the Hamburg West Australian Expechtion It is a 
monographic account of the crmoids of the western jiortion of iVustraha, 
including an histoncal introduction and n detuileil discussion of the dis- 
tnbution A II C 

ZOOLOGY "--The recent cnnoidh of Au^trahn Austin Hobart Cl\rk 
Memoir IV, Australian Museum, Sydney, New South Wales 
Scientific results of the trawling expt^ddion of HMC!K Thetis 
off the coast of New South Wales, m February and March, 189K 
Part 15, pp 705-804 1911 

This lb a monographic account of the recent cnnoids of Australia, 
based pnmarily upon the collections in the Austrahan museum at S> d- 
ney It ih prefaced by an histoncal iiitroiluction, and concluded bv a 
complete bibliography In its preparation the author visited all of the 
museums of Europe m which Aubtralian cnnoids are known to b(‘ pre¬ 
served, and examined all the tyix*s of Australian specich 

A H r 

ZOOLOGY —The cnnoids of the Indian Ocean Austin Hobart 
Clark, BA, FRGS Echmoderma of the Indian Museum, 
Part VII, Cnnoidea, pp i-iii, 1-325, 61 figures in the text, 4to 
1012 

A monographic account of the cnnoids of India and the East Indies 
In the introduction is given an histoncal sketch of the development of 
the study of the Indian cnnoidb, with a discussion of their distnbution, 
ecology, etc., a complete bibliography is appended 
The aynon3Tny and habitat of over 4(M) species are included, manv of 
which are new A H C 
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ZOOLOGY — A revision of the Amet^can species cf PenpaJtus Austin 
Hobart Clark Proceedings of the Biologioal Society of Wash¬ 
ington, 26 15-20 1013 

The American species belongmg to the family Penpatidae are distri¬ 
buted m the following genera Oropenpatus Cockerell, Penpatus Guild- 
ing (with the sul^nera Plicatopenpatus, nov, Maeropenpatus, nov, 
Penpatus, sensu stncto, and Epipenpatws, nov) 

The American species belonging to the Penpatopadae is considered 
as representing a distinct genus, which is recognued under the name of 
Metapenpalus, nov. 

The family Penpatidae is divided mto two subfamilies, Ponpatlnae, 
including Mesopenpatua (a central Afncan type), Oropenpatus and 
Penpatus (with the mcluded subgenera), and Eopenpatinae, nov, in¬ 
cluding the East Indian genus Eopenpatus. A. H C. 

ZOOLOGY — Notes on American species of Penpatus, with a of knoim 

forms Austin Hobart Clark Smithsonian Miscellaneous Col¬ 
lections, 60 No 17, 1-5 1913 

Penpatus {Penpatus) juanensis Bouvier is recorded from the island 
of Vieques near Porto Qico, and Penpatus {Macropenpatus) geayi 
Bouvier IS recorded from La Chorrera, Panama In an appendix is given 
a list of all the Amencan species of the group, with the ascertained 
range of each A. H C 

ZOOLOGY — On a mall coUectum of reeeml cnnotds from the Indian 
Ocean Austin H Clark Records of the Indian Museum, 
7 Part 3, No 26, 267-271. 1012 

The collection herem described was received too late to be included in 
the monograph of the crmoids of India by the same author, and so an 
account of it was published as a supplementary paper A H C. 

ZOOLOGY.— Prelminary descnptums of eleven new cnnoids belonging 
to the familtei Himerometridae, Manametrtdae and Colobometndae, 
discovered by the Siboga tn the Dutch East Indies Austin H 
Clark Ai^ls and Magazine of Natural History, (8) 10. 31-11 
1012 

Short preluninary diagnoses are here given of new species in these 
three families found by the Sihoga A H. C 
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ZOOLOGY .—Dus relative Alter ier rezenter Sedtlienfaunen A H. 
Clark NaturwiBsenBchaftliche Rundschau, J G 27, Nr 15, 
S 191-192 1912. 

An attempt is herein made to ascertain the comparative age of two 
faunas by mtemal characters. A II C. 

ZOOLOGY .—The crmoids of the Solomon Idands A II Ctark. 
Records of the Australian Museum, 9 81-86 1912 

A monographic account, with a bibliography, of the cnnoids known 
from the Solomon Islands, based upon a collection from Ugi belonging 
to the Austrahan Museum of Sydney, New South Wales A H C 

ZOOLOGY .—The crtnotds of the Natural History Museum at Hamburg 
Austin H Clark Smithsonian Misrellaneous Collection, 60 
No 10,1-33. 1912. 

A complete list of the onnoids m the collection of the Naturhistonsches 
Museum at Hamburg, with redescnptions of types, detailed desonptions 
of the more interesting specimens other than types, an histonoal account 
of the collection, and a bibhography of the works based wholly or in part 
upon It • 

Part of the collection was sent to Washington for study and compari¬ 
son with material m the U. S National Museum, but the greater portion 
was examined in Hamburg A H C 

ZOOLOGY —The ertnotds of the museum fdr Naturkunde, Berlin 
Austin Hobart Clark Proceedings of the U S National Mus¬ 
eum, 48 381-410. 1912 

A complete list of the crmoids m the oollectioh of the Museum fur 
Naturkunde, with detailed descriptions of the more interesting specunens 
with an historical account of the collection and a bibhography of tlic 
works based wholly or in part upon it. 

There are also given lists of the type specimens, with the references to 
the onginal descnptions, of the species other than types mentioned in 
the literature, with the references, and of the specimens donated by this 
museum to the U. S. National Museum 

Most of the collection was sent to Washington for study, but the 
author examined the small remaining portion in Berlin A H C 



172 


ABSTRACTS ICHTHYOLOGY 


IC’HTHYOLOCiY —Alaska JUhenet> and fur indu^nea in 1911 Barton 
W Evermann Bureau of Fisheries Document No 766, pp 100. 
Issued December 16, 1912 

The Alaska Fishenes Service, which for the past two years has included 
administration of the Alaska fur ret>ources also, is reported upon for 
the calendar year 1011 under the four departments of general adminis¬ 
tration, statistics, fish culture, and fuMeal serviee The salmon fish- 
erv grounds, packing establishments and hatchenes were inspected as 
usual, and violations of law were duly reported and dealt with The 
fishenes as a whole were found to have yielded 177,572,873 pounds of 
products, worth $16,863,728 The furs of all kinds shipped out of the 
territory hml a value of $802,75U, of which $432,231 was tfie value of 
healskma 

From the standpoint of science the most important work was the con¬ 
tinuation of observationb in Nushagak Bay and Wood River, where the 
salmon runs arc being counted yearly for the purpose of developing, thru 
the knowledge thus obtained, a satisfactory code of fishery regulations 
The red salmon lun was found to have decreased 30 per cent in the three 
years Miice 1908, but interpretation of this decrease depends, of course, 
upon the solution of now t^dotermmed questions in the life history of the 
salmon Among the most practical questionh still unanswered arc 

1 TX) all sjxwies of salmon regularly return to the home stream, i e, 
the wateis where hatched, or are they diverted at any tune by adverse 
winds, food conditions, etc 

2 May the run m a stream be built up by closing the stream to fish¬ 
ing, and if so to what extent^ 

3 What IS the normal age of each species and what period is spent 
in fresh water? 

4 What percentage of fry under normal conditions is produced from 
eggs deposited naturall> ? 

5 Arc any disailvantagob suffered by fish artificmlly hatched? 

Somewhat inconclusive evidence confirming the parent-stream theory 

has resulted from experiments m marking young salmon, and indications 
are negative as to the utility of closing streams to fishing The third of 
the above questions alone st*ems to be approaching solution, by means of 
examination of scales ol the fish A rather hasty examination of scales 
of a small number of Nushagak salmon in 1011 leads to the conclusion 
that the greater number of adults return at five years of age instead of 
four as has liecn lielievisl on the liasis of the Fraser River runs 

Ethel M Smith 
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SOCIETIES 

THE (;E()L0GICAL society of WASHINGTON 

The 263rd meeting waa held m the ('osmoa Club, January 8,1913, 
and the formal communications were presented 

The beannQ of Pre-Cambnan structure ov the origin of the Iloniestakr 
ore body Sidnky Paige It is suggested that the main Homestake ore 
body owes its oiigm to the presence of a strong fault and the subsequent 
mmeiahzation of a ealeareous series (ieologie work has proved the 
existence of the calcareous senes on tlie surfat^e and m the mme and struc¬ 
tural < onsulerations demand the fault The foim of the ore body is 
that whu h would bo taken if a folded se^hmentary .senes wore cut hy 
a fault and replaced by solutions nsing along the fault The particular 
form which observed facts would require of such a calcareous senes ns 
IS present agrees with tlie form of the ore body as deterrmned by mining 
Microscopic examination of ores and wall rocks, as far as carried on, 
support this h>]>oth(*sis 

A recent dtscovfry of dinosaurs in the Teitiary W T Lee Ceratop- 
sian Ijones were found dunng the summei of 1912, nine miles east of 
C'olorado Springs, Colorado, m m»c 3, T 14 S , R 05 W , about 5(X) 
feet alx)ve the base of the Dawson aikosc (the lower part of the Monu¬ 
ment Oeek formation of former wnters) Dinosaurs were found at u 
locality that had previousiy vieldecl a bone of a Tertiary mammal and a 
number of Eocene plants which, according to Knowlton, belong in the 
Denver flora On the evidence of the plant remains the IkmIs containing 
the dmosaui bones are correlated with the oldest Tertiary (Raton for¬ 
mation) of the Raton Mesa region in southern Colorado and northern 
New Mexico, and with the Wileox-Eocene formation of the Gulf region 
It has long been known that the lieds now called Dawson arkose he 
with conspiciiouw unconformity on older rocka that range m age fiom 
Ijoramie to pre-Combiian, and this unconformity, together with the 
presence in the beds above it of a Tertiary mammal and of Eocene plants, 
IS thought sufficient to establish the Tertiary age of the Dawson arkose. 
and inasmuch as the Ceratopsian lionos were found in the same beds it is 
concluded that some of the dmosaui s existed in early Tertiary tune 
A paleobotamcal study of the coalrbeanng rocks of the Raton Mesa region 
of Colorado and New Mexico F H Knowlton The coal-heanng 
section in the Raton Mesa region was first (1867-1878) considered b\ 
Tjesquereux, on paleoliotanicnl evidence, as referable to the Tertiary and 
similar in position to the Lignitic, or Eolignitic, of MiHsissippi, bul later 
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(about 1883 to 1007) it came, without additional study of the plants, 
to be regarded as Laramie on the basia of its supposed similanty to the 
Laramie of the Denver Basin The renewal of interat m the region began 
m 1907, at which tune W. T Lee detected the presence of a wide-epiead 
unconfomuty m the midst of this supposedly continuous Cretaqeous 
section To the ooal-beanng beds below the uneonformity the name 
Vermejo formation has been given, while those above are known as the 
Raton formation The present paleobotamcal study was undertaken 
to give such answers as it might as to (1) the distmctneas of these forniar 
tions and (2) as to thoir age The results of this study are satisfactory 
and seemmgly conclusive 

The fossil flora of the Raton Mesa region compnses 257 forms of which 
number 106 are found m the Vermejo formation and 151 in the Raton 
formation. As only 4 species have been found Co cross the Ime of the 
unconformity we have the answer to the first question, namely as to the 
distmctness of the two formations ^ 

The Vermejo flora is ^own to have no appreciable relation with the 
Laramie of the Denver Basm, since there is but one species in common 
Its close afiuuty (identity of over 90 per cent of the species having an 
outside distribution) is with the Mcsaverde, and the conclusion is reached 
that Vermejo formation is Montana in age and in the approximate posi¬ 
tion of the Mesaverde 

The Raton flora has 5 species in common with the Laramie of the 
Denver Basm, 4 with the Arapahoe formation, between 30 and 40 witlr 
the Denver, and over 30 with the Wilcox formation As the Wilcox 
has intercalated layers of marme Eocene invertebrates, and itself rests 
on the marme Eocene Midway formation, the conclusion is reached that 
the Raton formation is m approximately the same stratigraphic position, 
and IS also Eocene m age As the Denver formation occupies approxi¬ 
mately the same position as the Raton formation, it may be taken as 
additional proof that the Denver is likewise of Eocene age This latter 
result, however, is merely a confirmation of the ongind contention of 
Cross, who named and described the Denver formation 

The broader apphcation of these results to the stratigraphic position 
of the ceratopsian dinosaurs elsewhere is obvious 

Frank L Hess, Secretary 

THE BIOLOGICAL SOCIETY OF WASHINGTON 

The 38rd annual meeting was held m the hall of the Cosmos Club, 
December 14,1912, with Vice-President W. P Hay m the chair Re¬ 
ports of officers for the year 1912 were received and the annual election 
of offirors took place The election resulted as follows President, 
E W Nbdbon, Vice-Premdetds, J N. Robe, Paul Bartbch, W. P Hat, 
\ D HoeKiNs, Recording Secretary, D E Lantz, Corresponding Secre¬ 
tary, N Hollister, Memben of Council, Hugh M Smith, Vernon 
B^ilky, Wm Palmer, A B Baker, and A K Fisher 
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The 50dth rogular meeting wab ^eld January 11,1913, with President 
E W. Nelson in the chair and 54 persons present The chairman 
appomted standing committees on Publications and Commumcations 
for the year 

C V PlPEB exhibited a vobe made of wood and covered with a thin 
veneer of '‘silk-wood " This veneer is cut from one of the large Poly- 
poms fungi and takes a beautiful polish 
A S Hitchcock and E W Nklson each reported hia recent retuin 
from a successful collectmg trip, the former havmg collected grasses m 
Jamaica, Tnnidad, and Tobago, while the latter had securerl birds and 
mammals m Arizona 

The regular program consisted of the communicationb 
The rediscovery of (Enoihera grandiflora S Tracy The Hpcakci 
gave an account of two Jinps made by him to the locality of Bartmni\ 
onginal discovery of this species (1776) The locality is near Ihxic 
I^inding, Alabama, ai\d the flowei described by Bartrom was found 
abundant over a limited area A second visit was made last year m 
company with Dr Hugo de Vries 

The piobletn of the identity of GCnoth^ra Lamarckiana H H Bartlett 
The speaker gave a history of vanous ciiltivatiHl strains of plants of this 
species and its hybrids He predicteil that its ongmal habitat and iden¬ 
tity—as yet unknoMm-would eventually lie discovered, probably in 
America south of the Umtod States and on tlie Pacific Slope 

Sawflies and their relniion to forestry S A IloirwER Thebe very 
destructive mbects were clnssod as defohators .ind woorl boreis, and 
many instances of benoue damage by them to groiiiing timber were given 
The papi^i was [illustrated by numerous lantern slides bliowing vanous 
species of bawflies—adults, pupae, and larvae—and also illustiations of 
damag^ timl>er 

The IWBtli regular mooting wob held January 25, 1913, with the Presi¬ 
dent m the chan and 47 perbons present 
The following resolution relating to Zoological Nomenclature was 
presented to the Society with the endorsement of the Council and adoji- 
ted unanimously 

H'Aerecfs errtam zoologists have gone on record as favoring (1) A 
poimanent and increasing list of exceptions to the law of priority, 
(2) A return to the prmciple of elimination reganllesb of the geneiic 
tvp(»s that have lieeii designutal under the rules, and (3) A i ejection of 
the present unanimous vote rule that ha*' ohtamed for so many years in 
the International Congress on Zoological Nomenclature, 

Therefore, be it resolved by the Biologieal Society of Washington that 
wo favoi (1) The conMstent application of the Law of Priority in all 
cases, (2) The lu'ceptance of the first designation of a genotype, regard¬ 
less of the method followed in designating it, and (3) The present unani¬ 
mous vote rule os making for conservation and btability in nomenclature 
Under the heading Brief Notes, etc , P\ul Bartscu exhibited a small 
Ogiaphic camera, with a number of small pictures made with it and 
enlargements of the some He spoke briefly of its convenience and adap¬ 
tability to field uses 
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Barton W. Evxbmann reported t^at a wireless mesHage had just been 
received from Agent Lembkey at the Pnbilof Islands in which it was 
stated that the remdeer herds on Bt Paul and St Geonp had increased 
during the past year from 37 to 65 animals and that all are m excellent 
condition 

The regular program consisted of two i‘ommunicationB‘ 

N(^ on the btology ^the common termites of the eastern United States 
Thomas E Snydkb This paper was illustrated by many lantern shdes 
and was dhcussed by E A ^hwarz 
The bthng powers of ants W L. McATBE.t The speaker’s person^ 
observations as well as instances gathered from many bOurcM 
were cited to show the powers of these small anmuds Messrs E A 
Schwarz, A C Weed, A D Hopkins and the author of the paper took 
part in the discussion which followed 

The 507th regular meeting was held February 8, with President Nel¬ 
son m the (hair and 57 persons present 
Prof Burt G Wilder gave an illustrated lecture on The hmin as a 
guide to the affinities of verUbraies, basing his remarks primarily on the 
hram of the shark Pentanchus recently described by Smith and Rod* 
(‘hffe as the type of a new family The speaker showed by means of 
diagrams the evolution of the scladiian brain from the most pnmitive 
form found in Chlamvdofselachus thru the other Notidam to the typical 
sharks, and announced his conclusion, from the evidence afforded by 
the brain, that Pentanchus is not a Notidanid He did not venture, how¬ 
ever, to say just what the systematic position of this shark may be until 
the vertebrae and intestines have been studied, although it is certamly 
not related to the Scylhorhimdu;, to which Regan (Science, July 19, 
1912) assigns it on the theory that the single dorsal fin is an abnoraiality 
In the discussion which followed, H M 8mith said that inwignmg 
Pentanchus to the order of ancient sharks, partly on account of the single 
dorsal fin, he and Mr Radcliffc hod been aware of characters in which 
this shark differs from typical Diplospondyli, but that no other course 
seemed expedient at the time the preliminary description was published 
The vertebrae, while not diplospondylous but modified cy(lo<ipondy- 
loub, are of a very primitive type, being onlv half the size of those in a 
scylliorhinid shark of the same length, with an extremely small centrum 
and a very large neural cuial 

Theodore Gill discussed the subject at length, and agreed with Prof. 
Wilder in attaching great taxononuc importance to the brains m sharks 
and rays He had concurred m the assignment of Penttmehus to the 
Notadini, and now regarded it as the type of a peculiar family whose 
ofimities remain to be determined. 

D. E Lantz, Recording Secretary 
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PHYSICS —The conatanta of apectrdl radiation of a uniformly 
heated enclosure W W. CobijENTZ, Bureau of Standards. 

In a previous communication to tins Journal a general descrip¬ 
tion was given of the work* which was completed prior to Decem¬ 
ber, 1012 It was then proposed to observe several more sets of 
energy curves, at the highest operable temperatures with a 
vacuum furnace before publishing the exact numerical results 
Owing to unavoidable delays in assembling all the apparatus, the 
intention of witholding all the data until the completion of this 
investigation has now been abandoned and m the present paper is 
given a brief summary of the most lehable data now at hand 
The temperature scale used in this investigation, for tempera-' 
ture above 1400'’C is the optical scale, which is obtained by adding 
to the thermoelectric tempieratures certain values,* which are the 
mean of several groups of thermocouples In assembling the 
present data for publication it was observed that for tempera¬ 
tures above 1400°C there was an abrupt rise in the value of the 
constant c which mcreased systematically to abnormally high 
values for temperatidfes taken above 1500°. It was therefore 
necessary to choose between the possibihty that (1) this yanation 
m c at high temperature is owing to the failure of Planck’s law at 
high temperatures or (2) that, for the particular thermocouples 

> Coblenti, Jour Wash Aood Hoi, S 10,1018 
' Waidner and Burgeas, Bull Bur Standards 8 X>5,1007 
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used in this research the aforementioned correct factors for reduc¬ 
tion to the optical scale are too large * The writer chose the 
latter conclusion and the results obtained at high and at low tem¬ 
peratures are now m agreement 

The systematic errors, which formerly caused the mean values 
of the various sets of observations to differ by 0 2 to 0 5 per cent, 
are now reduced to less than 0.2 per cent They were caused by 
the presence of a disproportionate number of high temperature 
energy curies, in some sets of data, which contained the afore¬ 
mentioned corrections for redu(;faon to the optical temperature 
scale This modification of the correction for reduction of the ther¬ 
moelectric tcmpei atures to the optical scale has no effect upon the 
data obtainoil in 1012 owing to the fact that intentionally, ^to save 
the thermocouple calibration, the difficulty with the scale correction 
was not forseen) no energy curves were observed at these high 
temperatures The formei uncxplamed disagreement between 
the sets of observations made in 1911 and those of 1912 is now 
reduced to an excellent agreement This was to be expected 
for there was no apparimt difference m the methods of operation 
other than the addition of a number of high-temporature, energy 
curves to the senes of 1911, which required the optical scale 
corrections ^ 

The series of 1911 is the most accurate as regards low humidity 
while the sei les of 1012 excel in havmg the most improved methods 
and the longest experience in the woik The results of the two 
years work are given in Table I Eai'h value of c is the mean of 
the number of isothermal energy curves (94 m all) given m 
column 2, computed by equation (2) pubhshed in the previous 
communication to this Journal The moan value is 

c « 14456 A 4 
A = 2911 * 1 

In the complete paper it will be shown that the values obtamed by 
Lummer and Pnngsheiin, if computed by the present methods 

9 In the com plot o paimt it will be shown that, for theee particular thormooouplea, 
the mean value corre< tion factora for reducing the thermocouple temporaturea to 
the optical scale arc too large by 5 to 7| depending, of couise, upon the tempera¬ 
ture above ltO()“(' 
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would give a mean value of c 14465 40 and that the values 

published by Paschen, if similarly corrected would give a mflan 
value of c = 14458 * 26. 

The most recent commumcation frum Warburg^ and his associ¬ 
ates gives a mean value of c = 14.374 4 The mean value of 

the four sets of mvestigations weighted as follows {L and P > 1 
P = Z,W - 10 and C - 10) gives a mean value of, 

c >= 14420 mikron deg 

a = 2905 mikron deg 

% 

The mean value of the most recent work by Warburg and by the 
writer ^ c = 14415 

TABLE I 

. »«A«« 

T'npaintod Murqimrdt porLplain niHiator 

UnpainfcHl radiator os UBeil in 1911 Now 
optical adjuatmonts 
Radiator painted witli ohromium oxido 
New unpainted Marqunnit radiator 
Rodiatoi pained with the oxidea of cobalt 
and chiomium 

Kadiatoi repainted, now optical adjiiat- 
monts 

New thormocouplofl, radiator same as in 
prcccdinK bci icb 

Now watcrcoolod shuttoi, No 1, The rest 
of the apparatus is the same as for the 
precodinK senes 

Mean value c - 14,456 * 4 (94 energy turves) 

A - 2011 - 1 

The value c « 14420 is a convement one to use The differ¬ 
ence m the values obtained by Warburg and by the writer mdi- 
cates an uncertainty of about 5° at 1750'’C It is rather remarkable 

* Warburg—LeithaOser, Hupka, Muller, Sitaber, Akad, Wiss Berlin I, p 35 
1013 
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that the older data (which were reduced by the present system of 
computation long before the inconsistencies among the venous 
sets of the present observations wem elimmated) are m close 
agreement with the present results 

PHYTOPATHOLOGY —EnmronmenUd mflitencea %n the pathol¬ 
ogy of Solanum tuberosum ‘ W. A. Orton, Bureau of Plant 
Industry. 

The health and vigor of plants is largely d^ndent on their 
adaptation to their environment. Each species has its optimum 
requirements as to temperature, moisture, hght and substratum, 
vanations from which result in failure of the plant to^ach a 
normal or maximum development and predispose it to disease 

Under certain environmental conditions, for example, the 
plant becomes more susceptible ^ the attacks of parasites, either 
because the germination and development of the pfcrasite is fav¬ 
ored or because the weakened host has lost its natural resistance 
Another type of disease is not associated with any parasites, but 
comes from some jxirversion or loss of physiological functions, 
which seems also, m the last analysis, to be attributable to defects 
in the environment 

It IS to lie oxpectedathat the most favorable chmate for any 
plant will be that of its nativity, to viuch it has become adapted 
in the course of its evolution Certainly the students of crop 
plants should consider first the natural adaptations of their 
plant in the land of its origm, and next any modification that 
may have resulted from subsequent culture in other countries 

The native habitat of Solanum tuberosum, tho progemtor of 
our potato, is beheved to be in southern Chile, where it was found 
growing wild by the early explorers and where it still occurs. 
Darwin, in the Voyage of the Beagle describes his cxpenences on 
the Island of Chiloe, where *‘the wild potato grows 
in great abundance, on the sandy, shelly soil near the sea beach." 

‘ Addreas of retinng President, Botaniesl Society of Washington, February 25, 

1013 
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De CondoUe, after a critical study of the evidence, concludes that 
the potato is native in southern Chih and expresses doubt as to 
Peru and the other northern Andean countnes, where it was in 
general cultivation by theluitives at the tune of the discovery 
and conquest by the Spaniards and where its present occurrence 
in a wild or scmi-wild condition may bo thru escape from the 
primitive Indian cultures 

That our potato may have come from a region where high 
altitudes give a temperate chmate within the tropics is, however, 
not impossible, siHco other species of Solanum do occur thruout 
the Andean region and northward as far as Colorado, and may 
have given ongin or contributed thru crossing to the potato which 
we cultivate today There is great need for further taxonomic 
studies to throw hght on this point From the physiological 
standpoint, however, there can be no doubt that the potato 
ongmated in % region of low and umform summer temperature, 
a fact of the greatest sigmhcance to agriculture in theUmted 
States, whore different climatic conditions prevail 

It will be shown that m the Northern Hemisphere those regions 
are most successful in the cultivation of the potato where the 
temperatures durmg the growing period most nearly approach 
those of southern Chili, an<l that the climatic enviromnent is the 
most important factor mflueticmg the diseases of this crop 

The climate m the distnct where we believe the potato to be 
indigenous is marked by very umfomily cool summers and heavy 
winter rainfall. Valdma has a mean annual temperature of 
52 8®F. the maximum is 90°, and the minimum 30° (figs 1 and 2), 
Puerto Montt and Ancud are similar To the northward, as the 
climate becomes hotter and drier, the potato is more and more 
restricted to the higher elevations, where the climate is temperate 
and the summers cool and equable The relative atmospheric 
humidity will be high in these cool regions This is doubtless a 
more important point for the normal development of the potato 
than the absolute rainfall. 

Of all countnes where it has been mtroduced the potato per¬ 
haps yields best in Scotland, and here we find the summer nearly 
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as cool as in Chili, though the rainfall is leaa (figs. 1 and 2). Nor* 
them Oennany is justly renowned for its potato harvests, which, 
in bushels per acre, are more thaiudpuble those of the United 
States, and there also the growing penRd is long, cool and equable. 
The limiting factor is the> rainfall, which is low, tho well distri¬ 
buted (Cf. Edinburg and Poeen in figs. 1 and 2). 

The July isotherm of 66°F. orosseB NorUi America not far from 
the northern border of the Umted States. Only inAiooBtook 
County, Maine, and piarts of northern New York have we develo- 
oped extensive potato culture north of this Mbthenn, which in 



Fig 1 Curves of mean monthly temperatures for Valdivia and Puerto Montt, 
in southern ChilCf compared with Edinburgh, Sootland, Posen, Germany, Hand, 
cook, WiBoonain, Aroostook County, Maine, Federal Point, Flonda, and Washing¬ 
ton, D C Data from the first four were compiled from Haon’s^**Khinato- 
graphie,” the lattor four from reports of the U S Weather Bureau 


a 

Europe runs south of the pnncipal potato distncte of Great Britain 
and northern Germany. The isotherm of 70*’F. (21'*C.) for June, 
July and August nearly marks tho southern boundary of successful 
main crop potato production in the jLTmted States The climate 
of th6 greater part of the United States is therefore too hot for 
best results with this crop. As shown in figures 1 and 3, the pro¬ 
duction of potatoes in the South is a matter of early spring plant¬ 
ing and summer harvesting, or of planting m late summer for 
autumn harvests. For the latter procedure a type of potato illus¬ 
trated by the variety McCormick is well adapted in the region of 
Washington, D. C., a fact worthy of mention here for ita signifl- 
cance m the problem of securing a heat resistant potato for south¬ 
ern districts. The summer heat of the United States is the limit- 
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ing factor in potato production. Only young plants can survive 
exposure to 90°F. for any extended pnod, hence we find a tendency 
to plant late in the north in order t^t the time of tuber formation 
may come during the cooler weather of autumn. 

It appears that most or all of our'piesent varieties originated 
in northern distiictSi from parent stocks having low temperature 
requirements. To secure varieties capable of extending potato 
culture southward local breeding should be practised if stocks 
possessing the necessary physiologioid qualities can be found. 
Our great need % to discover a variety of SoUmutn tuberoaum, 
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Fig 2. Chart showing averase monthly rainfall for points in southern Chile 
as compared with Europe 


or a species sufficiently related to hybridise with it, that is mdi- 
genous to a region of hi^ temperature, and c^tUile of transmitting 
to crosses with existing cultivated races a heat endunng quahty 
derived thru better control of transpiration, or m other ways. 
It will be evident from a consideration of the south Chilean cli¬ 
mate that the heat resistant factor cannot be found there. We 
must turn to more northern and warmer sections of South or 
Central America, a region that has been very inadequately ex¬ 
plored to date, but where Mr. Wight of this Society is now engaged 
on this mission. 

Turning now to the consideration of potato diseases, we shall 
find in the late blight, caused by the fungus Pkytophthcra trtfeatans, 
an excellent illustration of the extent to which olimatio environ- 
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ment influences disease. Late blight is limited by its require¬ 
ments of abundant moisture and moderate temperature, hence it 
IB most common m the Northeastern States, ocoaaioiially extend¬ 
ing southward in early summer or autumn, never in midsummer. 
Hot or dry weather checks its spread These well established 
facts strongly support the hypothesis that Phytophthora irtfeataru 
is endemic in the native habitat of the potato. Our knowledge 
of the general pnnciples of immunity in plants further suggests 
that there would be the place to seek strains of the host plant 
possessmg a high resistance to this parasite. 

In early blight, due to the fungus AUemana aoUtni, we find that 
higher temperatures than those best for the potato appear to 
promote infection. The range of greatest prevalence is well to 
the south of that for late blight 
Another instance of apparent geographical limitation of potato 
diseases is afforded by the wilts due to Fwanum oxyaporum and 
VeriiciUitim albo-atrum respectively The Fusarium wilt is 
southern in its general range, being most prevalent in California, 
in the warmer irrigated valleys of the West and in the East Cen¬ 
tral States Verticilhum, on the other hand, occurs in the most 
northern districts from the Puget Sound to Maine The t^o over¬ 
lap m their distnbution but have the general tendency stated 
Pathological conditions not due to parasites are even more 
conspicuously associated with attempts to grow the potato out¬ 
side of its natural range A heat and drou^t reaction common 
in the Umted States is that known as tipbum, where the leaves 
exposed to the hot sun and low relative humidity of midday 
curl and bum at the margins, indicating an excessive transpira¬ 
tion. This 18 seldom met with in Europe 
Premature npemng follows when potatoes bearing half-grown 
tubers are exposed to the midday heat of our Southern States. 
There is ip addition to the tipbum a yellowing and early death 
of the foliage. Potatoes produced m these southern conditions 
lose their constitutional vigor and germinate later, with small 
weak sprouts and* give a smaller yield than seed from northern 
sources. This constitutional defect is not cured by restoration 
to a northern environment. 
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There is another group of apparently physiological or inheri¬ 
table potato diseases, of which “leaf roll” and “curly dwarf” are 
most important, which I bring mto this discussion because they 
are probably deterioration phenomena connected in some way not 
yet fully understood with the effect of unfavorable environmental 
conditions. 

The great losses that have been caused by these diseases both 
in Europe and America have caused much alarm and led to much 
investigation and discussion The suggestion that our potato 
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Fig f Average monthly rainfall for four potato eenter<t in the United States 
Data from U S Weather Bureau The heavy upper border of the shaded area 
ahowa the moan rainfall foi the number of yoara indicated at the base of the 
column The figurea withm the aquarea in the shaded area show the number of 
years within the period of record when the rainfall baa been below the amount 
indicated The rorreaponding fagures in the white equates show the number of 
years during the penod of record when the rainfall has exceeded the amount 
indicated 


varieties may suffer rapid deterioration thruout extensive dis¬ 
tricts and without discoverable cause is naturally provocative of 
uneasiness. While the nature and cause of “ leaf roll” and related 
troubles is still largely a matter of speculation, the haze is parti¬ 
ally cleared by the separation of ttus complex mto at least five 
different troubles, three of which are attnbutable to known para¬ 
sites. * 

As pointed out by the wnter m December, 1911, in a paper 
before the American Phytopathological Society, the following dis¬ 
eases have been more or less confused by vanous observers. 
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1 . Potato wilt (^ue to Ftuanum oxytporum (Sohledht.) Sm. & 
Sw., a disease widespread m the central and southern United 
States but not yet proved to exist in Europe. 

2 . Potato wilt due to Verticittium aJbo-airutn, a dwease oociir- 
ling in the northern United States, in Great Brij^f^ and northern 
Eiux>pe. 

3. Potato rosette and other troubles caused by Rhixoctonia, 
especially prevalent in the western United States. 

4. Leaf roll, an inheritable, probably non-parasitio disease pre* 
valent in Europe and parts of America. 

6 . Curly dwarf, an inheritable, non-parasitic disease found both 
in Europe and America. 

Leaf roll (Blattrollkrankheit) is a disease charaeterised by 
an upward rolling of the leaves, by a decreased yield of tubers and 
by transmission of the diseased condition thru tubers planted. 

The rolhng of the leaves is the most constant and conspicuous 
symptom of this disease. The leaflets curl or roU upward on thdr 
midrib, often assuming a nearly tubular shape, and giving the 
plant a staring appearance. This tolling is sometimes restricted 
to the upper leaves, while in other oases all or nearly all of the 
leaves on the plant exhibit it. This type of roll is distinct from 
the curly leaf condition but a very similar roll may be induced 
by other causes, such as wet Soil, *'blaok leg*' and other diseases. 

The color of the foliage changes with the advent of leaf roll, 
but these color symptoms vary greatly, from cases where the 
leaves assume an unheal^, light green color to those marked by 
pronounced yellowish, reddish or puiplish colors. 

The time of onset is eaily as compared with Fusarium wilt. 
The effect on the plant is to check development. There is a 
lessening or ce^tion of growth. The duration of life of the 
plant, in some cases appears to be shortened by leaf roll, but 
in comparison with the rapid deatii of American potatoes attacked 
by Fusanum wilt the leaf roll is very alow in the action. 

The endurance of the seed piece as a character of leaf roll is 
an mteresting poidt frequently mentioned in the Oetmaa litera¬ 
ture, and is considered by Appel to be one of the symptoms of 
leaf {qU. The effect of leaf roll on the tubers is strong^ marked. 
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In general the yidd is very much reduced. The diseased hills 
have numerous tubers very much smaller than normal so that 
the yield is only about half that of a healthy fidd. If one uses 
these potatoes again for seed, the greater part fail to devdop, 
and an uneven stand is the result. The stronger tubers suooe^ 
in growing, but die stem remains weak, the leaves are fiomthe 
beginning considerably rolled and more or less colored. Few or 
no tubers are found in such hills, so that a complete crop failure 
results. Stem end browning of tubers is no longer eonsiddted a 
reliable evidence of leaf roll. 

The true leaf roll is inheritable. The tubers from 
plants produce diseased progeny as a general rule. This affords 
a means of distinguishing from genuine leaf roll those temporary 
conditions which give nee to a similar appearance of the plants. 
It is now quite generally admitted that ^e presence of fungous 
mycehum is not a character of the leaf roU. T^e leaf roll diseased 
plants in America have been free from fungous infection. 

The leaf roll disease of potatoes first came into the public eye 
in Europe in 1905 in Westphalia. In 1907 a more general out¬ 
break occurred m Germany and much alarm was expressed. Its 
occurrence is certain in Germany, Austria-Hungary, Switserland, 
the Netherlands, Denmark, Norway and Sweden, as well as in the 
United States. * 

^ Two developments of leaf roll in this country have been studfbd 
One in a collation of seedlings grown by the Bureau of Plant 
Industry, the other a destructive outbre^ in eastern Colorado 
and western Nebraska during 1911 and 1912, which was the cause 
of immense losses, the shipments from one district falling from an 
expected 7000 oars to 200 cars. 

The seedling potatoes showed every degree of variation m 
plant characters, and in addition many showed distinct evidence 
of the diseased condition herein described as leaf roll. It isnote- 
worthy that in neither field was there any trace of Fusaiium wilt, 
nor of Vertidllium wilt, “black leg" or “mosaic," altbo the latter 
three were common in adjoining fields. ‘The evidence indicates 
that leaf roll and curiy leaf are manifestations of physiological 
weakness and associated with decline or loss of vigor of the strain. 
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The hypotheses as to the cause of leaf roll are numerous and 
vaned. It has been argued by one that leaf roll results from tiie 
use of unnpe tubers for seed, by another, that it is due to the em¬ 
ployment of matured tubers; while a third behoves that seed from 
prematurely ripened plants is a cause of leaf roll. 

Hiltner is the leading advocate of the theory that the immature 
seedstock gives an abnormal growth He linuts this to those 
potatoes which are prematurely npened by drouth or other unto¬ 
ward circumstances Hiltner further holds that leaf roll may be 
the rrault of an overconcentration of salts as thru excessive 
applications of fertilizer, of unbalanced composition and apphed 
at the wrong time 

The first appearance of loaf roll in Germany was on the variety 
Magnum Bonum and was considered as an evidence of vanetal 
detenoration It seems certain, however, that leaf roll is not 
a result of '‘running out” of varieties thru old age, for many strains 
originated recently are affected. Its occurrence in seedhngs has 
been observed by several workers. An mteresting suggestion 
IS put forward by Hedlung that leaf roll is a pathological adapta- 
tive mutation, and further, that since acquired characters are not 
inhented the leaf roll character must bo latent in normal potatoes. 

The introduction of new and more vigorous varieties affords 
a hopeful means of ultimately controlling the situation 

finder the name "curly-dwarf” there is to be differentiated, 
from the loaf roll a pecuhar disorder known in Germany as 
‘ ‘ Krauselkrankheit ’ ’ This is charactenzed by a dwarfed develop¬ 
ment of the potato plant, accompanied by a pronounced curling 
and wrinkling of the foliage, which has been compared with Scotch 
Kale and with Savoy cabbage The stem and its branches, 
the leaf petioles and even the midnbs and veins of the leaves all 
tend to 1 m shortened in many cases to a very marked extent, par¬ 
ticularly m the upper nodes of the plant, so that the foliage is 
thickly clustered. The diminished growth of the leaf veins, m 
proportion to tho parenchyma, results m a bullate, wrinkled leaf, 
often strongly curled downward. There seems also to be a tend¬ 
ency to form more secondary branches than normal, and as these 
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remain short and with curly leaves, the compactness of the plants 
is more striking. 

The color of the foliage in curly-dwarf is typically normal 
green. The tuber yield is greatly curtailed. Severe cases have 
no tubers. In others, a few small potatoes are formed. The 
hereditary, nature of the trouble is attested by the GOrman authori¬ 
ties and has been observed by the writer. 

In the United States curly-dwarf plays a larger role in the 
detenoration of our potatoes than in Europe It must be re¬ 
garded as a physiological disorder, which crops out m previously 
healthy stocks, under conditions not yet known to us. Once 
developed, it is apparently not possible to restore the vigor of the 
affected hills. 

Examination of a variety or seedling collection shows that 
there are all grades of the condition above described from pro¬ 
nounced tjrpes of curly-dwarf to those approaching normal vigor 
It will furthermore be apparent that this is a difference inherent 
in the vanetieu or strain under observation 

Both leaf roll and curly dwarf develop suddenly from hitherto 
healthy stocks and both are transmitted by planting tubers from 
diseased plants That whole districts should be affected as m 
Westphalia in 1907 and in Colorado in 1011 mdicates a physiologi¬ 
cal detenoration due to environmental relations, unless a parasite * 
should be demonstrated, which has not yet been done • 

The chmatic charts presented show that there is a great defi¬ 
ciency of moisture m Germany and Colorado in companson with 
Chih Is it possible that under these conditions vaneties of 
potatoes may lose their vigor and undergo physiological changes 
comparable with those already noted for southern grown seed^ 

That the leaf roll disease is being brought under control in 
Germany by the use of healthy seed potatoes from outside the 
affected districts supports these hypotheses and lends still more 
strength to the ai^ument for potato breeding for a higher d^ree 
of climatic adaptation. 

Altho nothing hke the present outbreak of leaf roll has occurred 
during the last forty years, an examination of old literature 
shows that about 1770 and in subsequent years there were epi- 
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demies of '*leaf curl” and “ Krftuselkmnkheit” in Eng^d and 
Germany reepeetivdy, the deeoription of which are much like 
the troubles of today.* Are our potato varieties passing thru an¬ 
other period of decline in vigor? 

ZOOLOGY.—TFe&^sptnntn^ ftp latva^ in Guatemalan*caoea. 

O. F. Coox, Bureau of Plant lAdustiy. 

The limestone mountains of the Department of Alta Verapas* 
in eastern Guatemala, abound in oaves, most of them as yet quite 
unesplored. Andent runains show that some of the caves were 
used for burial places in prehistoric times, which may account 
for the aversion of the present Indian population to Mitering this 
underground world. Two oaves on the TVece Aguas coffee estate 
near Senahd were visited by the writer on March 30,1006, to see 
whether they contained millipeds or other cave-dwellmg arthro¬ 
pods. 

In one of the caves, which was very dry, a few human teeth 
were found with small circular moun^ of earth where andent 
pottery vessels had crumbled, tho in some cases the rims remained 
The other cave, which was entered by crawling thru a low narrow 
passage, partly filled with watw, had also been used for burial 
purposes and one of the chambers diowed a few rude designs 
traced in black, something after the manner of Mayan hiero¬ 
glyphics. There were several large chambers, some of them with 
lofty roofs and extcn-ive depodts of stalactites and stalagmites. 
The air was very damp owing to wet walls and drippmg water. 
It was in one of the inner chambers of this cave, prob^ly at least 
100 yards from the entrance, that curious fringdike webs were 
noticed hanging from the roof. A sioping floor brought us up 
dose to the webs, and the lig^t of an acetylene lamp rendered the 
ghstening threads very conspicuous against a background of 
complete darkness. 

The general plan of these webs is entirely unlike that of any 
qnder or other web-building arthropod of the upper worid^ and 
could be used only in oaves or in very didtered recesses of forests. 

* Cf Thoi Diolaon, Memoin CaledonisB Hort Soe., Mwoh 6^ 1810 
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The only familiar objeota to whi^ the weba can be compared are 

the rope rignala that are hung near bridgee and railroad tunnels 

to avoid aoddenta to train crewa. The 

oonstruotion ia simple but rather exten- 

sive, the weba being usually over a foot 

long and sometimes neaiiy 2 feet. Usu- 

ally the same general direction is kept, 

along the roof of the cave, but some- 

times then ia a simple curve and ntum. 

The whole struotun is supported from 
the roof of the cave by a few perpendicu- 
lar strands, rather irregularly spaced, 
usually about 2 inches long, and often 2 
or 3 inches apart. The ends of these 
supports are connected by a hoiisontal 
cable. When the roof of the cave is uiv* 

even the lengths of the supports an Hfl 

varied, so as to maintain the horisontal H|^hHI|||| ||H 
direction of the cable. The ends of the UHI 

cable an drawn up and attached to the ^HH^UHn 
roof, and then is only a little sagging nUUMIUII ||l|| 
between the supports. The remainder HH 

of the web consistsof a fringe of peipen- H ||H| 

dicular threads attached to the cable 11 l|H| 

above and with the lower ends hanging H in|| 

free. The threads of this fringe an 2 or H HH 

3 inches long, and from about 1 mm to ^^Hj^HH Mnin 
3 mm. apart. A diagram, kindly pre- MfflIH 

pared by Mr. W. E. Chambers of the H^^^Bn|M|H|| 
Bureau of Plant Industry, is ^own in ^^HHIHH^HH 
figun 1, to illustrate the plan and ap- ^^^^HHn^^^H 
.pearance of the web. The drawing 
shows a small section of the fringe with 
a part of the horisontal cable and one 
of the vertical supports. H^HH^^^HI 

The cable and its supports wen veiy ,*is i *“** 

glender and had the appearance of or- 
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dinaiy spider-webs, but the threads that fofstod the pendant 
fringe were much thicker, perhaps 0.5 mm. ttt diatneter, and ap¬ 
peared as though filled or heavily coated with water. The thicken¬ 
ing of the threads did not reach the juSetion with the cable, but 
b^an about 6 mm below, with great regularity. 

The constiuction of such a web imphes, of course, the possession 
of a highly specialized spinning instinct. Indeed, without observ¬ 
ing the operation it is not easy to understand how the webs are 
built unless we suppose that at least the supporting framework 
of the structure is first laid out on the ceiling of the cave, to be 
dropped into the pendent position afterward, perhaps when the 
heavy fringe is added. But even on this assumption the provi¬ 
sion for keeping the cable hoiizontal by var3nng the lengths of the 
supports would involve a high order of instmctive skill. The 
stretching of the cable by carrying a thread along the> wall would 
not seem so difiScult, but more talent would be required to carry 
the supporting threads up to the ceiling from the cable or to let 
them down from above to meet the cable. 

When the pendent threads were gathered upon the finger they 
formed a mass of slime, which shows that the material is very 
unlike the silk of spiders. Yet the webs evidently serve the same 
purpose of trapping insects. Several small insects were found em¬ 
bedded m the slimc, from which they could be squeezed out by 
shght pressure Mosquitoes and other soft-bodied forms, which 
have the habit of seeking dark roosting-places, probably furnish 
most of the victims, but one of the webs had cau^t a small beetle. 
If an investigation of the insect life of the oaves were to be imder- 
taken, these webs might afford considerable assistance in trapping 
the small insects that flit along the roofs of the caverns. 

The larvae which were evidently the builders of these ounous 
structures, were slender, transparent, vermiform creatures about 
20 mm. long. They were found m all cases lying along the main 
cable of the nest, on which they seemed to ^de back and forth, 
with considerable speed. 

The attention of Mr H. S. Barber, of the Bureau of Entomology 
who visited Guatemala in the same season, was called to these 
webs he saw some of them in another cave near Treoe Aguas. 
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At first he was inobned to believe that the spuming larvae might 
belong to the family Tipuhdae, but he now conaders it more prob¬ 
able that they are Mycetophihdae, as several other members 
of this family are known to spm webs or to live in web-like tubes 
of shme. The larval characters of this group of flies are so little 
known that a definite identification of the animals found m the 
webs IS at present out of the question But as no webs of similar 
construction seem to have been described, Mr Barber has urged 
me to publish my notes on the subject. 

The specimen secured from a web by Mr. Barber was somewhat 
larger and somewhat tinged with brown or black,' instead of being 
entirely transparent like mine Whether it represented a more 
advanced stage or a different species could only be conjectured 
Mr Barber also remembered that there were beads of moisture or 
shme on the fringmg threads of the web, whereas my impression 
was that the threads or rods of shme were cylindrical and of con¬ 
stant diameter up to near the cable, where they were suddenly 
narrowed. Such differences might depend on the humidity of 
the atmo^here to which the webs were expohed. 

Nothing in the way of a Bp>ecialised subterranean fauna was 
foimd in the caves, unless it be the larvae that spin these webs, 
and even these may not be confined to the caves Other webs that 
may have been made by the same kmd of larvae were seen after- 
wa^ m open rec^ees m the side of chffs along the road between 
Senahd and Sepacuit^, tho not in condition to compare with 
the much more perfect structures seen in the caves 



ABSTRACTS 


Authors of sowiitifio p^Mn are roqueoted to mo that abatraoUi pnCarabljr 
preparod and Bignad by thamselTW, an fonrardod promptly to thaaditora. Baoh 
of the aoientifio bunaua in Washington haa a repiwentatrra anthonaad to for* 
vaid ouoh material to this lournal and abetraote of offloial publioatlona should 
be transmitted throu^ the npresentative of the bnnau in whioh they originate. 
The abstraots should oonfonn m length and ganaral stylo to those appearing in 
this issue 

PHYTOPATHOLOGY — Studua of fungout porasttes btftmgmg to the 
genus Olomerdla. C L. Shbab and Anna K. Wood. U. S. De> 
psrtment of Agriculture, Bureau of Plant InduBtiy, Bulletin 262, 
pp. 1-110, pis 1-18, text figs 4 Issued January 26,1913 

Thu bulletin contams an account of investigations of fungous parositeB 
which produce the dueases commonly called “anthraonoses.” Most 
cultivated fruits and many other eoonomio {dants are frequently attacked 
and seriously injured by fungi belon^^ to the genus Qlmnerdla. 

These fungi produce three distinct spore forms m the course of their 
complete deveh^kment—comdia, asoospores, and chlamydoqiores, or 
appressoria Until recently the two principal forms of fructification, 
oomdial and aacogenous, have been described and treated as separate 
organisms, the genetic relatioiuhipe not being known. 

The oonidial stage u most ftequently found and has usuaily been 
referred to one or the other of the form genera Qloeosponum and CoUe- 
totnchum. About 600 so-calledepeciesprobabiy belonging to the corn- 
dial stage of Qlomerella have been described. 

The genetic connection of the oOnidial and asoogoaous stage of these 
organisms was first defimtely proven in cultures in 1898 by Atkinson in 
the case of OUmenOa (Gloeosponum) angulata (Stonem.) 8. A v. 8. found 
on pnvet (Ligustrum vulgare). Since that date the life history of races, 
strains, or species of the organism from several other host plants has been 
recorded by various investigators as well aa the present writers. 

The life histories of forms from 86 different host plants are recorded 
in this paper. In 17 cases they were developed in pure culture and m 
the other 19 oases on the host jdant, either in moist chamber or imder 
natural conditions. In 31 oases the connection between the oonidial ' 
and asof^enous stages was first reported the writers 

IM 
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In most of the forms studied neither morphologiaal nor physiolopoal 
oonditiodk suffident for the segregation of qiedes have been found, but 
three spedes are recognised from the 36 hosts. Olomerdla angulata 
(Stioip^.) S. St T.S. found on 84 hosts, the ^rpe on Ligtulrum vulgan. 
0. goatypit Edge, on one host, Ooaayfnvm kinuium (cotton) and 0. 
hndmttOuanum Shear on PhamHw ndgana (wax bean). 

OUmurtJla emqvlata is exceeding variable m all its moiphologioal 
characters. The cause of this vanalnhiy is not dear. No constant or 
definite relation has been established between the environmental con- 
ditions and the most important variations observed Hie fungus is 
found to be present in many cases on apparently normal healthy foliage 
fruits, and sometimes stems, as shown by its devdopment and fructifica¬ 
tion on these plant parts after their surfaces have been thoroughly sten- 
lised by washing with an antiseptic solution which has been shown to 
kill not only asoospores and oonidia, but also chlamydospores or appres- 
soria of the fungus Germ tubes appear to penetrate the epidetmis and 
then remam m a qmescent condition until circumstances favorable for 
further development occur. 

Inoculation experiments with fruits show that most of the forms from 
different hosts will produce the cfaaractenstio bitteivrot or anthracnose 
of fruits cff other hosts Practically the same degree of variability » 
found m the vinlity of races or strains of the fungusJjlpi the same host 
as from different hosts. 

The production or non-production of the penthedal stage oi Glo- 
merella appears to be a fairly well-fixed hereditary race ohancter. 
The organisms of this genus have devdoped special features, the most 
important of which are its method of infection by means of appressona, 
and its ability to live in a donnant or inactive condition in the tissues of 
the host until some specially favorable conditions for its further devdop¬ 
ment occur. In many cases the fungus never devdops further until the 
infected part of the host dies The fungus also devdops in seeds of cotton 
and bean especially and thus insures its passmg the winter and reaching 
the new crop. 

It has bean shown by expwimenters that diseases of apples and citrus 
fruits caused by thw fungus can be satisfactorily controUed by spraying 
with Bordeaux mixture, and it is probable that this method can be suc¬ 
cessfully used in prevoition of diseases of other plants caused by the same 
fungus. The sdeetion and breeding of resistant varieties may also prove 
practical in some oases.. C. L. S 
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ANTHR0P01X)GY — The disinbtdton of antmale and its bearing on 
the peophng of Amerxea. Austin Hobart CiiARX. American 
Anthropologist, 14 23^-30 1912 

The land connections between North and South America, and ^. 4^1 
Afnca and Australia, as deduced from a study of zoogeography, are mdi- 
cated, and the conclusion is stated that the connectioR between Alaska 
and northeastern Asia persisted until after man inhabited that region 
and therefore indicates the path by which the first men reached America 
The connection between Afnca and the mid-Amenoan region was dis¬ 
rupted BO far as the zoological evidence shows, m the Cretaceous, 
the connection between the Austrahan region and southern South Amer¬ 
ica was broken at a later epoch, but still too early to have formed path 
for human nugration A. H C 

MEDICINE— An tngenxaus method of causing death employed by the 
Obeah men of the West Indies Austin H Clark Amencan An- 
thropologiht, 14 572-574 1912 

Tlie West Indian Obeah man of the more advanced t 3 rpe has learned 
that, on account of the high clahs of local medical practice, it is no longer 
safe to employ the common nuneral and vegetable poisons which in 
former days served him so well He has therefore devised a scheme of 
infecting flies wid||Btreptococci and then hboratmg them m the houses 
of his victims ^'ing to the habits of the people, especially to their 
Bleepii}g naked but with the bed clothes (if they possess them) over their 
hea^, to guard against ^^jumbies” (the local species of ghost), infec¬ 
tion is very easily brought about A H C 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

WASHINGTON ACADEMY OP SCIENCES 

The 82d mreting of fihe Washington Academy of Sciences was held at 
the Cosmos ('lub, Thursday evening, January 30, 1013 Dr Abthvr 
L Day ^ve an account of Seme obseroaltoru on the vaicano Ktlaitea tn 
adton The observations m question were made dunng the past sum* 
mer m connection with a su 'oessful effort to collect, m the crater of an 
active volcano, lava gases uncontaminated by the atmosphere 

W J. HvKFnaBTB, Eteeordmg Secretary. 

THE CHEMICAL SOCIETY 

The 22l8t meeting was held at the Cosmos Club on January 9,1013. 

The president appomted committees as follows Enteriatnmeni — 
MoKelvy (chairman), Crenshaw, Lathrop, Smither, and Bunzel, Contr 
mumcatioM —Seidell (chairman), Emery (of Bureau of Chemistry), 
Gore, Turrentine, and Schaller 

The following papers were read* L. A Roasas, of the Bureau of 
Animal Industry Uryxng by Uie freezing ntethod. This method, used 
for drying organic matenals of all kmds, consists essentially in diymg 
the frosen material over sulfunc acid in a vacuum dessicator The 
ice crystals evaporate directly leaving a very porous and dry powder 
Numerous samples were shown and the apparatus was described The 
author has used the mc{hod for preserving bacterial cultures in a very 
concentrated and active form 

W. Salant and Clayton Smith, of the Bureau of Chemistry Con* 
, cemxng the phartnaeologtedl aehon of the tartratee Read by Dr Salant 
wide differences in phvsiological action between optical isomers 
has bemi observed for a number of compounds Contrary to the results 
of previous observers, the authors Imd that laevo- and dextro*tartartic 
acid are about oqi^ly active The manner of introduction of the acid 
makes a great difference m the effect. A carmvorous animal, such as 
the cat, 18 much more resistant to the acid than the rabbit, the difference 
is not explainable by oxidation alone 

J. A. LbClbbc and J F Brbxbalb, of the Bureau of Chemistry 
The effect of lime upon the atkaii UAaranee of wheat eeedhnge Wheat 
seedlings were grown m sand, clay and solution cultures containing the 
alkali salts sodium chloride, sulfate, and bicarbonate Salts of cal¬ 
cium, banum, sodium, potawum, etc were added m small amounts to 
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these cultures. It was found that the character of the medium did not 
affect the results The presence of a few parts per milhon af calcium 
enabled the plants to overcome to a large extent the injurious effect of 
the alkah, altho the plants absorbed as much alkah m the presence of 
lime as they did m the control cultures (Author’s abstract.) 

Dtacusnon Cameron questioned first whether the beneficial action 
of clay might not have been due to absorption, second whether sodium 
chloride found m the ash might not have been present in sap streams. 
In reply to an inquuy by Sosman, LeClerc atat^ that petroleum coke 
was the form of carbon us^ m the absorption experiments C C Moore 
inquired os to the bearmg of these experiments on the toxic excreta 
theory Johnston suggested that the absorption of sodium chloride was 
a chemical reaction in the case of clay, and a surface effect m the case of 
carbon Salant inquired concerning the effect of calcium salts alone, 
and Cameron stated that calcium chloride was toxic in high concen- 
tratioD. 

H C Gore, of the Bureau of Chemistry. The eshmatian of iartanc 
and malic acids by the we of uranium acekUe and ammonium molybdate 
The effect was shown of increasing amounts of uranyi acetate added to 
solutions of free and neutrabsed malic and tartaric acids respectively 
Excessive amount of uronyl salt were found to cause depressions in the 
very high optical rotations observed In case of malic acid the depres¬ 
sions were slight and the maximum activity could be restored by adding 
optimum amounts of acetic acid, in case of tartaric acid the depres¬ 
sions due to excess of uranyi salt were much larger and the readings were 
only sUghtiy increased by addition of acetic acid Ammonium molyb¬ 
date caused very large increases m specific rotatory power of the two 
acids In the case of malic acid the maximum polanzations were much 
less for the neutralized than for the free acid, small additions of acetic 
acid stimulated the polanzations very greatly, and m presence of suitable 
amounts of acetic acid and ammonium molybdate the relation between 
the malic acid present and the polanzations was found to be linear 
With tartanc acid the rotations shown when the free acul was treated 
with ammonium molybdate were higher than when the neutralized 
acid was used The stimulating effect of acetic acid, while large, was 
smaller than with malic acid Conditions were not found under which 
the relation between the polanzations and amounts of tartanc aAd 
present were linear, but tlie specific rotatory power increased with 
increasing concentration (Author’s abstract.) 

Discussion Hillebrand suggested the use of the method mversely 
for the rough estimation of uramum and molybdenum in ores. 

Robert B Sosmak, Secretary 
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THE GEOLOGICAL SOCIETY OF WASHINGTON 

The 264th meeting waa held in the Coamos Club, January 22, 1013, 
at which the following communicationa were presented 

A/oflo/oolcantcasAafyuneatt, AJosfcatn/tdy, fOfP R H Chapman 
Parts of a letter from Bern D Stewart, dated July 28, 1912, were read, 
giving a description of a faU of volcamc ash due to the eruption of Mount 
Katmai 

A sepfartan from New Mexwo W T. Lee 

The habUai of the Cambrian brachtopoda Lancaster D Burling 
A study of the Cambrian and Lower Ordovician, nearly 1200 locahties, 
represented in the United States National Museum shows (1) that from 
alkkut 72 per cent of the localities brachiopods have been identified, (2) 
that, dividing the sediments mto three groups, shale, sand^no, and 
hmcfatone, 60 per cent of the genera and M per cent of the species have 
lieon iflentified from but one typo of sediment, and (3) that, after divid¬ 
ing the localities into three groups, figures are obtained for each of the 
groups, indicating that the number of species per locality is smaller in 
sliule than m sandstone and greatest m limestone The accordance of 
the results seems to justify the conclusion that habitat influenc^ not 
only the nature but the number of speciob which are to be found in any 
particular locoli^ 

The relations of xlmenite to magneitie %n iiiamferous magnetite (Illus¬ 
trated) Joseph T Sinolwald, Jr Expenments that have been con¬ 
ducted m the magnetic separation of merchantable iron ore from iitani- 
ferous magnetite have yielded varying result, but m all i ases only a 
partial elimination of titanium, and a study of the ores to show their 
mode of combination was undertaken The problem was easily solved 
by the study of etched polished sections of the ores m reflect^ light 
Ilmemte is unaffected by hydrochloric acid, whereas, magnetite is 
readily acted on, and etches to a dull black surface On exammmg the 
etched specimens it is at once appacent that they consist of granular 
aggregates of ibnenite and magnetite The magnetite grains are not 
homogeneous but contain minute intergrowths of ilmemte These mter- 
growths ore m part irregularly disseminated through the magnetite and 
in part regularly mtergrown with definite crystallographic onentation 
^Constructum of a structure map of the northern anthracite field N H 
Darton The map showing the structure of the northern anthracite 
coal basin has been under construction for several years and is now nearly 
ready for pubheakon It was prepared incidentally m connection with 
a study of the ongm of methane m coal, for the Bureau of Mines The 
northern anthracite basin was one of the areas selected and as one 
branch of the inquiry was to ascertain the relation and the occurrence 
of methane to the deformation of the beds the structure had to be plotted 
in detail in various parts of the area The data given on the large scale 
mme maps, were utilized as far as practicable but in areas not reached by 
mining the structure was determined from surface dips aided by num¬ 
erous bore hole records The horizon selected for contouring was the 
lowest notable coal bed (Dunmore—Red Ash) and its configuration is 
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represented by lOO^oot contour lines with sea level datum. The oon- 
tours based on mine surve 3 rs in these lower beds are shown as full lines; 
those constructed from workings m overlying beds are shown^ broken 
lines, while m areas not yet worked, dotted lines are used. Toe struc¬ 
ture IS stdl further represented by 15 vertical sections which cross the 
basm at frequent intervals 

Much attmtion was mven to the extension of the different coal beds 
and it 18 now practicable to correlate all the beds thruout the basin. 
The investigation has moidentally disclosed structural details, showing 
notable discordance in the forms of the flexed beds at different depths 
and in harder and softer layers. It was necessary to make a very oa^ul 
study of the conditions under which variations of this character occur 
in o^er to represent the probable position of important coal beds m 
areas not yet worked As such a representation becomes a prediction 
and may affect plans for the future exploitation of coal, its occurance is a 
matter of great economic importance especiaUy in the de^r baams 
where some of the coal lies nearly half a mile below the surface 

Frank L Hess, Secretory 

ANTHROPOLOGICAL SOCIETY 

A special meeting of the Antliropological Society of Washington was 
held March 6. 191.S m the National Museum, the President Mr George 
R Stetson m the chair Dr Walter Hough read a paper on Savage 
mxittUUiom far (lecoraiton The paper was a short excursion mto the 
enormous fleld of custom with reg^ to ethnic mutilations, and sufficient 
examples were givm to lay the subject rather completely before the 
society In it were described the most striking forma of head shaping 
by pressure m infancy, the vanous forms of teeth mutilations, ear, nose, 
cheek and lip modihcations and ornaments, pressure and mutilations 
in the arms, waist and limbs, and modifications x)f tlie bones of the feet. 
With mutilations also should be considered, perhaps, extraordinary hair 
dressing and treatment of the finger nails 

Many slides were shown of tatooing, scanfioation and decoration of 
the skin by means of dyes and pigments, and some of their multifanous 
meanings given On the whole, it was concluded that ethnic mutila¬ 
tions originated from many concepts, the more important lieing a desire 
for identification, m some cases mdividual, but m most oabes tribal, a 
desire for ornamentation, mamly mdmdual m its treatment, but follow¬ 
ing environmental and tribal fashions, and also very important mutila¬ 
tions growing out of superstitions and reUgious ideas * 

Many ethnic mutilations also relate to sex, puberty, social rank, honor 
for warlike feats, and the like All these ideas, which at tunes l^ve 
been advanced as the explanation of the causes, show that the matter is 
extremely complex The boarmg of ethnic mutilations on prinutive 
surgery was alw hinted at, as ww as its effects on the development of 
costume 

Dr, Williams and Dr Swanton made certain inquiries and brief 
remarks. The meeting then adjourned 

Wm. H. Babcock, Secretary, 
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ECONOMICS .—The function of reaearch in the regidatum of 
natural monopoliea.^ E. B Rosa, Bureau of Standards. 

The social and political unrest of the present day, which mani¬ 
fested itself strikingly m the recent presidential campaign, is of 
course due to more than one cause. Senator Root m a notable 
speech recently delivered before the New York Chamber of Com¬ 
merce, attnbuted this unrest m large measure to the mutual 
distrust and mutuad misunderstanding existing between the 
leaders of the financial and industrial world on the one hand and 
the groat body of the American people on the other To a largo 
audience of bankers, merchants, and captains of industry he said: 

There are hundreds of thousands of people eutaide our great indus¬ 
trial communities who think you are a den of thieves There are hun¬ 
dreds of thousands of people who think the bankers and manufacturers 
are no better than a set of confidence men 

Wo have before us now great and serious questions regarding the 
financial problems of the country, and this is what stands m the way of 
their solution It is that the men who understand the finances of the 
country and the merchants engaged m groat operations are under sus¬ 
picion, great bodies of people will not accept what they &iy about finance. 
They will not accept what the experts say because they do not behove 
their motives are honest On the other hand, what is 

your attitude toward the people? There are many m this room tomght 
who down deep m their hearts believe that great bodies of the American 
people really want to destroy their busmess and confiscate their property 
Now, neither of these things is true; but one misunderstandmg le^ to 
conduct which seems to justify another. 


* Address of the retinnff prestdent of the Philoeophioal Sooiety of Wsshingtom 
delivered February in, 1913 
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Senator Root then went on to say that there is nothing more 
important today than that by education and the ^read of ideas 
such nusunderstanding shall be done away with; t^t Amerioans 
diall interpret the spirit of popular government so that each diall 
be ready to do juhtice to the other, aUd every American shall 
desire the prosperity and happiness of every other American. 

But while there is great force in what Senator Root says, it 
remains true that this social unrest qirings m a measure from 
oausee which the government can remedy * The part which the 
government must play in our complex civihsation is constantly 
mcreasing, and is immensely more important than in the simpler 
civilisation of a century ago In the early days the individual 
was much more independent, and each community was much lees 
dependent on other communities than now. Society was simple, 
communication and commerce were limited, and relatively few 
laws sufficed. The twentieth century differs from the eighteenth 
in many respects, but m none mornstrikin^y thad with regard to 
the increasmg complexity of business dealings. 

The regulation and control of large corporations which have 
virtually serured the monopoly of particular mdustnes is now 
receiving the attention of many of our leading scholars and states¬ 
men, and the solution of the problem will be a triumph for popular 
government The m^ans that may be employed for this purpose 
are not so restricted as they formerly were. The pubho is becom¬ 
ing educated rapidly, and the constitution has greater capacities 
now than formerly 

State regulation of natural monopdiee. While the federal gov¬ 
ernment in the last few years has been striving to break up giant 
aggregations of corporations into their constituent parts, with 
th^ope of getting ^ese parts to compete with one another and 
so put an end to an undesirable monopoly, some of the states 
have been dealing in constructive fashion with another class of 
monopolies, and showing how they oan be regulated and controlled 
to the end of conserving' the b^lnterests both of the public 
and of the stockholders. ^ I refer to that very large and important 

i In other words, the people eotuig oo-operetiveljr thru their ohoeeo repteeenU 
tivee eon rene^y 
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olaaa of corporations known as public utility companies, chief 
among which are the steam railwayB of the country, city and inter- 
urban dectrio railways, gas and water compames, electric light 
and power companies, and the telephone and telegraph compames 
The federal goveimment*through the Interstate Commerce Com¬ 
mission has of course taken a leading part in this development, 
particularly with respect to the railways of the country, but the 
work done by some of the state pubho service commissions, promi¬ 
nent among which are the commissions of Massachusetts, Wiscon¬ 
sin, and New York, is of far-reaching influence and importance 

The attitude of the pubhc regarding pubhc utihties has been 
undergoing a profound change m recent years. Formerly a 
franchise for a street railway or gas company, for example, was 
usually granted without compensation to the city, with few, if 
any obhgations on the company, with no control by the city over 
pnces or service, and with extensions of the service mto new terri¬ 
tory optional with the Company. Competition was sometimes 
sought by granting a franchise to more than one company, but 
generally such competition, if any, made the service poorer to the 
pubho as well as the profits less to the stock holders If the busi¬ 
ness was profitable and the franchises valuable, city councils 
would be corrupted, if necessary, to get what was wanted. And 
if the dividends were large, as they often were when no standards 
were set as to the quality of service and no limit set as to price, 
the capital would be sufliciently watered to keep down the divi¬ 
dends (capitalixing the value of the franchise, it was called) 
Occasionally a city became so dissatisfied with its gas or water 
or electric light company (either as to pnces or service, or both) 
that in despair it built a new works, and two plants were opeis 
ated where one, if rightly managed, would have served the pubhc 
better. 

Advantages of a monopoly The change from this condition to 
the present (at least in certam states) is nothing short of revolu¬ 
tionary. It is now ooniing*to be recognised that competition 
cannot regulate rates in public utilities, and that one company 
can generally give better and cheaper service than two. It is a 
waste of capital and a disadvantage to a city to have two sets of 
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gas or water pipes in the ground, or two sets of telephone or ele- 
tric light wires and poles encumbering the streets. Having two 
telephone companies in a city forces a large proportion of their 
patrons to pay for both services; two street railway systems gen¬ 
erally give less satisfactory service and’fewer transfers than one 
would do. In short, these utilities are natural monopohes, and 
the highest efficiency and lowest rates are only possible when 
each one has the entire busmess of a given city or territory. So 
long as the right to regulate public service compames was demed, 
the idea of granting monopoly privileges was repugnant, and hence 
competition was encouraged with the hope of escaping the ill 
effects of unregulated monopoly. But now that the right and 
duty of regulating all public service coiporations is admitted by 
the compames themselves fis well as by the courts, the ill effects 
of monopoly may bo escaped and at the same time the beneficial 
results of economy and efficiency may be reahzod. To understand 
what effective regulation vivolves, we must consider the obliga¬ 
tions imposed upon pubhc utility compames, and the character 
of the service render^ by eacn. 

When a commumty grants an exclusive franchise for a term of 
years or for an mdefimte period to a corporation, with the right 
to regulate the quality of the service it diall render and the prices 
it may charge for such service, it undertakes a serious responsi¬ 
bility The mterests of the public must bo safeguarded, but at 
the same time the mterests of the company and its stockholder 
must be respected. A public service commission, eqmpped with 
a full knowledge of the technical, commercial and legal aspects 
of the busmess, and endowed with a judicial spirit, will see that 
the followmg duties are fulfilled by each public utihty company 
m its jurisdiction 

1 To perform any duties especially preaenbed by law. 

2. To serve all who request service and make no discrimina¬ 
tions 

3. To provide safe and adequate Service. 

4. To charge just and reasonable rates. 
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6. To fuinil its duties to its stockholders honestly and effi¬ 
ciently.* 

Regulation of a got company. For example, a gas company 
receives a franchise to manufacture and sell gas fur hght, heat 
and power in a given city, for a term of years, the city perhaps 
to have the ri^t of purchasing the plant at the end of the fran¬ 
chise period. The quality of gas and the character of the ser¬ 
vice furnished, and the prices charged, are to be fixed by the pub¬ 
lic service commission. 

The commission must see that the company runs its mams into 
all the streets of the city; so as to give service to all, that uniform 
rates are charged and no rebates are allowed to favored custom¬ 
ers; that service charges if made are reasonable, that the gas is 
of good quality, and as free from impurities as possible, that its 
heating value and candle power are kept up to the standard 
specified, that the methods of testmg and the instruments em¬ 
ploy^ are up to date and satisfactory, and the persons doing 
the testing are competent, that the pressure of the gas is sufficient 
and not too great and does not vary enough to be dangerous, 
that gas appliances used are as safe as can be obtamed, and con¬ 
nected in an approved manner; that the mams are properly 
located and properly protected from extremes of heat and cold, 
that the meters are kept in good order and tested from time to 
time as to their accuracy, that the prices charged are as low os 
possible, consistent with a reasonable dividend to the stockholders, 
that the books are kept m an approved form, so that the state of 
the business can readily be determined by the commission, that 
proper allowances are made for plant depreciation, or proper 
sums expended for upkeep, that no new stock is sold without 
approval by the commission, and that all dividends shall be from 
actual earnings, but that if actual net eammgs are more than 
necessary to pay a reasonable dividend, the price of gas shall be 

* Tliu of ooune luppoBOi Uiat tho oommiMion haa been given the neoouary au- 
thonty by the state legiatature Many of the public service OQUunissions were 
created u railroad oomnusuons, and of these, some have had their functions 
extended to cover only a part of the duties mentioned above 
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reduced. Thie usually involves an appraisid of the oompaay’s 
property to determine whether the capitalisation is fair. From 
time tb time the specificationB for the quality of the gas and the 
methods of testing must be revised; the question may arise as to 
what candlepower or heating value will give the best service under 
prevailing conditions; new methods of manufacture, new apph- 
anoes and new uses for the gas will all bring up new questions, 
and the commission must be prepared to consider and decide upon 
all kinds of scientific, engmeenng and commercial problems as 
they arise in connection with the regulation of gas compames. 

These duties are so many and so varied that one might suppose 
that it would be impossible for a commission to accomplish them 
all even for a single company, much less for all the gas compames 
m a state. If it had never been done, it would indeed appear 
doubtful. But these functions are being performed (at least in 
laige part) so successfully in a few states that many of the other 
states are looking forward to doing it as soon as their commissions 
are prepared for the work. The gam from such regulation is not 
alone to the pubhc, which pays for and uses the gas. The com¬ 
pany is saved from unfair and hostile local legislation, which often 
forces resort to the courts, always an expensive and often unsatis¬ 
factory experience. The business is more stable, customers are 
better served and better satisfied, the credit of the company is 
often improved, new stock sells more readily and at higher prices, 
as the public knows the condition of the busmess and there is 
less risk to the investor Stock manipulation is prevented, and 
those who profit by that process are the only ones to suffer. 

Regulation of an electric light company Similar duties devolve 
upon a public service conmussion with regard to other utihties. 
Electric hght compames are regulated with respect to their sche¬ 
dule of rates; discnminations which are so frequent under ordi¬ 
nary circumstances must be prevented; wires, whether overhead 
or underground, must be run m such manner as to reduce the 
danger to the pubhc, high potential wires must be especially 
guarded to keep them from telephone and other low potenti^ 
wires; alternating current transfon^ers must be grounded on the 
secondary side, and the grounds must be made according to 
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ai}proved specifications; the steadiness of electric potential and 
ui^ormity thruout a given city must be satisfactory; proper 
precautions must be taken to safeguard the hves of the linemen 
and other employees of the company, the meters must be fre¬ 
quently tested and provision made i&r extra tests on complamt; 
portable and station instruments must be tested; lamp renewals 
must be regulated and prices approved for other than free renewals, 
and rulra and regulations made (m the absence of local rules) 
with respect to streets lights 

RegtdalMn of other vhliMes Street railways and interurban 
electric railways must be regulated with respect to kmd and qual¬ 
ity of cars; the speed of oars and oar schedules, kmd of br^es, 
headlights, doors, and other safety appliances, the method of car 
heating and amount of heating reqqired, the method of car fight¬ 
ing and the quality and amount of fight that must be supplied, 
how the current is distributed from the sub-stations to the cars 
and the vanations in voltage permitted between sub-station and 
cars, how the railway current is returned from the cars to the sub¬ 
stations, in order that the resulting electrolysis may do the 
minimum of injury to gas and water pipes, lead sheathed cables 
and other underground structures,the repairs and upkeep of road¬ 
way and rolling stock, the fares to be charged and the conditions 
under which free transfers are issued, the wages paid employees 
and hours of labor, the conditions under w^ch new stock 
may be issued, approval of plans for extensions or alterations of 
system; etc. 

Telephone companies must be regulated with respect to 
method of runmng their wires, so as to give the best and most 
reliable service possible under given circumstances, when and 
where wires must be put underground; the precautions to guard 
overiiead wires against commg into contact with high potential 
electnc hght or power wires; when and under what circunutances 
telephone and high potential electric wires may be put on the 
same poles; the rates to be charged for different classes of service, 
both local and long distance, the service arrangements between 
different oompames, the restrictions imposed by telephone com- 
pames respecting private exchanges and extensions; discnmina- 



208 


ROSA RBOULATION Or NATURA1< MONOPOIJB8 


tions by a powerful leompany against smaller independent oom- 
panies, etc. 

Both the Interstate Commerce Commission and the state oom- 
miBsions deal with problems arising m connection with the regula¬ 
tion of the railroads, and fiieee problems are numerous and of 
great importance The first class of problems is connected with 
the fixing of freight and passenger tariffs, and discriminations in 
rates as between one locality and another or between one shipper 
and another. The second class of problems has to do with the 
operation of the road, with the safety and the adequacy of the 
service. This mcludes the question of the character of the road¬ 
bed and rails, the kind and quality of the engmes ^d cats, the 
brakes and signalling apparatus, the kind of headlif^ts and the 
candlepower and distnbution of the hght from the same, the heat¬ 
ing, lighting, and ventilation of cars, the investigation of accidents, 
the weighing of freight and the testing of the scales, mclud- 
ing the scales on which empty and loaded oars are weighed. 
These and many other questions may come before both state and 
federal commissions, but not all of them have been fully considered 
as yet by either. Sunilar duties pertain also to o^er utilities 
that are essentially monopolies, as telegraph compames, express 
companies, sleeping car compames, water supply companies, 
local express, transfer, and cab compames. Insofar as these utili¬ 
ties cany on an mterstate business, they are also dealt with by 
the federal mterstate commerce commission. 

Co-operohon necesaary tn regukUion. It appears from the above 
formidable, altho mcomplete, list of duties devolving upon a state 
pubhc utility commission that to fully measure up to its respon¬ 
sibilities wo^d require a considerable staff of engmeers, account¬ 
ants, and scientific assistants, besides its traveling inspectors 
and administrative officers To decide many of the questions 
aiiong ^requires more techmcal knowledge than the expert^ either 
of the comnuBsion or the utility companies possess. * Indeed, 
iqany of the questions can only be answered by extended re¬ 
searches earned out by scientists, engmeers or statisticians, work¬ 
ing with the best of facilities The mterests at stake are in the 
aggregate so great that such researches oug^t to be made, and yet 
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the cost would be too great for every state to do the work inde¬ 
pendently, or even for the nchest of the states to undertake it 
alone.* The best way in which the work can be well done and kept 
up to date is for all the states to co-operate, and for the federal 
government to assist and coordinate the work. This is being 
done to some extent already, altho comparatively few of the states 
as yet have commissions that are handling pubhc utilities gen¬ 
erally, and hence the work is only fairly begun On the part of 
the federal government, the Interstate Commerce Co mmissio n 
and the Bureau of Standards are co-operating with the state com¬ 
missions, the latter with regard to standards and engmeenng 
questions whaph fall withm its province. Some of these questions 
may be menuoned briefly. 

InatrumerUs and standards. The instrupients and standards 
employed m the measurement of heat, lig^t, and electrical power, 
have been the subject of much study and investigation at the 
Bureau of Standards. The thermometers and pyrometers of 
vanouskmds employed in temperature measurements, and calorim¬ 
eters of different types for use m measuring the heat of combus¬ 
tion of gases and solids, are cahbrated and certified by the Bureau 
and standard samples of certified calorific value are furnished, so 
that the testing apparatus of pubhc service commissions, pubhc 
utihty compames, and consulting engmeers will agree (or special 
tesla be made if they disagree) and causes for dispute are thereby 
removetk The methods of testmg with such apparatus have been 
studied oy the Bureau, and sources of error in apparatus and 
methods determined As manufacturing methods are developed 
and refinements m works control are mtroduoed, greater accuracy 

* tiztraot from Prof R T Ely, u bu Outlinca of Eoonomioa, 1008 “The taake 
which confront such oommunona are atupendoue, and the ezpenac of conducting 
their work, iriien it if properly conducted, u enormons On the whole 

howevo^t u fortunate that the public have resolved to give this method of 
re for m a thoro tnal It seems to be the next logtoal st^ in the evolution of natural 
monopoly, and does not Mppwr to be attended with any grave danger. If it 
fails it will at least have trained up a corps of public servants thoroly fsmilisr with 
the operation of public utility enterprises, a^ will at the same tune have thoroly 
ooDvinoed the people that there is no other alternative but public ownoship and 
operation " This wss written five years ago, and much progress has been made 
•inoe then. 
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in testing is required*, and it is a great advantage to the industnes 
to have uniform and reliable instruments, standards and methods 
The same may be said respeotmg the measurement of and 
illumination. The candlepower of a gas flame depends upon 
the quality of the gas, the kind of burner used, the height of the 
barometer, the amount of moisture m the atmosphere, and the 
degree of punty of the air m which it bums, hence, if the qijahty 
of the gas is to be determined (in part) by the candlepower pven, 
it ia necessary that the test be made under very definite condi¬ 
tions. The Bureau has done considerable work on flame stand¬ 
ards employed in gas testmg, but much remains to be done in this 
respect. Photometric standards are supphed by tip Bureau for 
use in testing electric lamps of various kinds and colors, and gas 
standards are caUbrated and certified. Thus, umfomuty of 
value in hght measurement is secured for the whole country, and 
mdeed by means of mtemational compansons made by the Bureau 
for the whole world, the international candle being the name of 
the unit of light umversally employed m this country Cabbra- 
tions are also made of photometers and auxiliary apparatus 
Similar uniformity, together with a much higher degree of pre¬ 
cision, have been attained in electrical measurements. Electrical 
energy is sold by the kilowatt hour or the kilowatt year (or a com¬ 
bination of the two) and a large amount of testing is done by the 
compames and commissionB to insure accurate measurement of 
the energy dehvered. Here again uniformity and accuracy are 
promoted by having a national laboratory for calibrating and 
certifying standards and instruments, and settling such disputes 
as may arise from disagreeii^ measurements. A large amount of 
work has been done by the Bureau to secure and mamtain accur¬ 
ate standards and instruments, but much remains to be done, 
particularly with reference to the specificationB of instrummts and 
apparatus and the improvement of methods of measuremmt and 
testing 

• In addition to its work on instruments and standards, the 
Bureau has carried out othw investigations which have a becunng 
on the work of the public service commissions. One of these is 
conoemed with the specifications of illuminating gas, and the 
methods of testing to be employed in controlling its quality. 

/ 
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Technical specificaiiona for gaa companiea. Among pubhc 
service utihties, none has been for so long a time and in so great 
detail subject to legal requirements and restrictions as the gas 
business. Such regulation is of course mtended to msure good 
service. Many elements go to detennine good or poor service, 
the prmcipal of which (chemical purity, heating value, candle- 
powOT, and condition as to pressure of the gas) are enumerated 
and defined more or less completely in many of the gas ordinances 
now in force, together with the tests that shall be made and the 
penalties for failure to meet the requirements. These ordinances 
are sometimes, therefore, very techmcal and contain detailed 
specificatione^ In other cases the specifications are very meager 
In some cases old ordinances long smee out of date, so far as their 
techmcal specifications are concerned, are still m use, in other 
cases, old ordinances have been extensively amended, in still 
other cases entirely new ordinances have superseded old ones, 
m many cases no regulatoiy ordinances have ever been adopted. 
In some states possessing state commissions, the requirements 
have been fixed by the commissions. But m most states (and m 
all until recently) regulatory ordinances have been prepared and 
passed by state legislatures or city councils. The process of 
adoptmg such an ordinance is often long and painful Suspicion, 
antagonism, and often poUtical considerations combine to make 
the negotiations difi^cult, and sometimes it amounts to a long 
drawn battle. The representatives of the city endeavor to get 
all they can for the pubhc, the company yields as httle as possible 
The rrault is generally unsatisfactoiy to both Because the stand¬ 
ard of performance demanded of gas compames m different cities 
and states was so different, and because so much difference of 
opinion existed among experts as to what could fairly be required 
of a gas company under given conditions, the Bureau of Standards 
took u]^ about three years ago a careful study of the subject of 
state and municipal regulations of the quahty, punty, and pres¬ 
sure of illuminating gas supplied by gas compames 
Inveahgatum concerning regulahon of gaa compand. A com¬ 
pilation of all the state laws and city ordinances in force m the 
country was first made, and their technical requirements tabu- 
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lated A detailed study was then undertaken of the various 
features of such laws, and an attempt made to formulate a model 
law that riiould contain reasonable standards of quality, purity, 
and pressure, and a reasonable set of operating requirements. 
Ih this study, a large number of the best informed gas experts m 
the country were consulted, and many gas plants visited. In tih 
work the Bureau has been assisted by the responsible offio^ and 
members of the technical staffs of gas companies, and by members 
of public service commissions, gas uuqiectors, and consulting 
engmeers. The Bureau has endeavored to consider all sides of 
the various questions mvolved, and has of course received very 
conflicting opinions on some questions. It has been a source of 
great gratiflcation to those conducting this mvestigatkm to see 
the fairness and broad minded spirit shown generally by represen¬ 
tatives of the gas companies in discussmg questions that affected 
them so vitally. They have met a spirit of fair play by a corree- 
pondmg willingness to reach just conclusions. 

The results of this investigation were published by the Bureau 
of Standards, and the paper has had a wide circulation and careful 
study by those most mterested m the subjects treated. Smoe 
its publication, the Bureau has continued to study the subject, 
and is now preparing a revision of the first edition. The com¬ 
pilation of laws and ordinances will be revised and some impor¬ 
tant changes will be made m the model ordinance proposed. 
These changes are, however, being discussed very fully b^ore 
pubhcation, both with representatives of the pubhc service com- 
missions and of the gas companies, the latter mcluding a special 
committee of the American Gas Institute. 

The position of the Bureau in this matter, as m so many others, 
is advisory. It has no authority to enforce its conclusions and 
no dispo&iition to suggest federal legidation or regulation. It 
acts as an imbiased co-ordinating agency, to formulate the results 
of its own and other’s investigations and to give expression to the 
concensus of opinion of those best qualified to express opinions on 
technical questions of great practical importance. 

A second mvestigation (already alluded to) is m progress on 
the methods and instruments employed in testing gas for its 
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heatiivg value, its caudlepower, and its chemioal punty, as well as 
in testing meters and measuring gas pressures This will be 
embodied m a separate publication which will be frequently 
revised and kept up to date, m order to be as useful as possible 
to gas inspectors and engineers in detennining whether gas 
meets the speoi6oations under which it is sold 

A third mvestigation scarcely begun, but which is much needed 
and d^rves extensive study, is on the safety andefheiency 
of gas appliances. Too many fatal accidents result from defec¬ 
tive gas appliances, and the contamination .of the atmosphere 
thru imperfect combustion due to defective appliances is a serious 
matter, even when no fatahties result T^s is a question m 
which co-operation of all the mterests ejmeemed cannot fail to 
yield important results. 

Investigations of electrolysis. Another important mvestiga¬ 
tion earned out by the Bureau of Standards which also concerns 
pubhc utihty compames is the damage by electrolysis produced by 
street railway currents flowing thru the earth, upon gas and water 
pipes, lead covered cables belonging to telephone, telegraph, and 
electnc hght compames, and the reinforced concrete foundations 
of buildings and bndges Such insulated double conductor 
systems as those of New York, Washington, and Cincinnati 
provide for the return of the current to the power houses without 
flowing thru the earth, but most cities use tlie single overhead 
trolley, and permit the current to return m part thru gas and 
water pipes and other underground conductors Where the 
current leaves such metal conductors, the latter are corroded 
electrolytically, and m some cases holes eaten thru, tliereby 
mterfeiing with the service and involving expensive repairs 
Many remedies have been proposed, but as y^t comparatively 
httle has been done to cure the evil The Bureau undertook a 
thoro study of the question for the purpose of testing some of the 
proposed remedies and arriving at a solution of the difficulty, 
if possible, that could be applied generally. This mvestigation 
is not yet completed, but already valuable results have been 
reached and it is hoped that shortly ^formation will be made 
available for the use of the street railways that will permit them 
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greatly to reduce the volume of the ourrents flowing thru the earth 
without unreasonable expense, and that will enable the publio 
service commissions to deal more intelligently with the question. 
The problem is becoming each year more acute rinee the volume 
of electric current used is each year moreasing as the traffic 
increases, and the damage produced is therefore inereaong at an 
moreasing rate. Many law suits have arisen because of this 
damage, and such htigation is expensive because of tfle large 
amount of conflicting expert testimony adduced and the long tune 
consumed m the trials. Money expended intelligently in solv¬ 
ing the problem generally yields better returns than money spent 
m htigation 

In England and soiK^e continental countries, there have been 
rules on this subject which have served as a guide to the electric 
railways m building their roadways, and hence, they have been 
saved very largely from the evil elTects of eleotrolysis, altho at 
a somewhat increased first cost In this country, the subject 
was neglected for years. In the absence of pubhc service com¬ 
missions or similar bodies to establidi r^[ulation8, and no govern¬ 
ment agency to take the lead in the investigation, the matter has 
been entirely n^ected m many cases \mtil the senous damage 
resulting has made the question a very acute one. 

Life hazard %n dectneal work Another question affecting pub¬ 
lic utihty companies is the life hasard m electrical work. ^There 
ve altogether too many prevent^le fatalities due to high poten¬ 
tial electncal circuits not only to employees of the electrical com- 
pames but also to the pubhc. In many cases such accidents could 
have been avoided if the companies had taken greater precau¬ 
tions, either by instructing their onployees more carefully, or 
providing them with rubber gloves and other protective devices, 
or having repairs made only on dead lines, or using more substan¬ 
tial and more expensive construction, or running the high poten¬ 
tial transmission hnes on private rights of way instead of on the 
highway, or keeping the dangerous wires away from tdephone 
wires and on separate pole lines, or taking still other precautions 
which experience shows m necessary. The long distance trana- 
misBion of power is bein^resorted to more and more, and higher 
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voltages are being used than a few years ago would have been 
thought possible. One thousand volts is a dangerous voltage, 
but transmission at fifty to a hundred thousand volts is becoming 
common As water power is utilised more and more, the country 
will finally be covered with a net work of high potential transmie* 
Sion and distribution hues, and it is a matter of vital concern that 
all reasonable precautions be taken m the construction and operar 
tion of such lines. So long as pubhc utihties weqp regarded as 
private business and a company was free to make as much money 
as possible and mvest as little as possible m its plant, the tendency 
was to economise unduly with respect to protective devices, and 
any construction that was more expensive than the mechamcal 
or electrical requirements demanded, was pvoided But when we 
regard railroads, electnc light and power companies, and tele¬ 
phone and telegnqih companies not only as public utihties, but 
as quasi-pubhc institutions, and permit them to charge enough to 
make a good profit, but to make the rates as low as good service 
permits, then it is seen that the pubhc pays for the cost of pro¬ 
tection, and it is entitled to require that every reasonable pre¬ 
caution be taken to safeguard human life This latter is the 
view which is now becoming general, and the pubhc service com¬ 
missions are therefore greatly mterested m makmg rules and 
regulations worked out in such a way as to be capable of enforce¬ 
ment upon the electneal compames. On the other hand, the 
electneal compames themselves are anxious for such information 
It is not necessary to make ongmal mvestigations m every case, 
it IS often a question of collecting and digesting the information 
already m existence, and with the co-operation of numerous 
agencies which stand ready to assist, work out a body of rules and 
regulations that will be as useful as possible. Congress has re¬ 
cently made a special appropriation to permit the Bureau to 
undertake such a study of the life hasard in electneal work, and 
it is hoped that valuable results may be accomplished. 

Railroad acalea. Another mvestigation of great practical 
importance, m which the Interstate Commerce Commission and 
the Bureau of Standards are co-operating, is the mvestigation of 
the accuracy of railroad scales, especiahy car scales, for weighing 
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freight. Freights to the amount of two thousand millions of 
dollars are annually collected by the railroads on wwghings made 
with scales, most of whioh are sddom tested and, except in three 
western states, never officially inspected. Numerous dilutes 
and complamts could be avoided if the scales were officially tested 
and certified, and if provision were made for retesting on com¬ 
plaint. Certainly, it is as important to test large scales as small 
ones, and tha coat of douig so is tnfling m comparison with the 
enormous interests at stake. 

Locomotive headf^hta. Another subject with which some of 
the state commissions have dealt is the kmd of headlights used on 
locomotives, their candlepiower and reliabihty. In some states 
legislation has been enacted requiring a particular kmd of head- 
hght. It has been charged that such legislation m some cases 
has been mspired by commercial interests. In one state the com¬ 
mission issued a rule requiring a certam candl^iower but not 
specifying Jiow it was to be measured or exactly what was meant 
The railroads, contending that the order was ambiguous, impos¬ 
sible to comply with by one interpretation and undesirable by 
another mterpretation, appealed to the courts After a lengthy 
and expensive Utigation, ^e order of the commission was set aside 
Thu case is cited to illustrate the need of full techmcal informa¬ 
tion by state commissions before issuing mandatory orders, 
and also the hardship to railroads or other pubhc utihty compan¬ 
ies to be obliged to contest in the courts orders that work a hard¬ 
ship and which would not have been issued if full information 
had been at hand There is great need of further investigation 
of the subject of headhghts for use on steam and electric railways, 
to detemune the best service that different types are capable 
of givmg, and to formulate rules that could be enforced by the 
commissions Some railroads economise unduly on the mamto- 
nance of headlights, in the interest of safety to the public, wise 
regulations should be m effect. 

Car lighting. The lighting of cars (both steam and electnc) 
IS another practical matter that has not received the attention 
that it deserves Most people read more or less on trains and 
street cars, and with many who ride a long distance to and from 



ROSA RSGULATION OF NATliRAL MONOPOLIES 


217 


business, this is their best tune for reading. As a rule, however, 
the lighting of cars is insufficient and the arrangement of lights is 
often atrocious from the point of view both of the passengers who 
are not reading and those who are. Eye sight is too precious a 
possession and too easily injured to justify the continuance of 
poor lighting of cars. Better light is required than would be 
necessary if the cars wore not moving. The problem is different 
on dectno cars from what it is on steam cars, because m the former 
the current for lights comes from the same circuit that supphes 
the motors, and hence great variations occur due to the fluctuat¬ 
ing voltage on the trolley wire To secure better ligh ting (1) a 
steadier voltage should be available, (2) better lamps should be 
used than are generally seen m electric cars, (3) a greater quantity 
of light should bo available, and (4) the lamps should be so shaded 
and so located as to keep the glare out of the eyes of the passenger, 
and yet give good illummation for reading. The immense im¬ 
portance of this subject can only be reahzed when one considers 
the millions of people who daily spend a considerable tune in 
steam or electric cars, and how much better the service would be 
if the cars were pleasantly and sufficiently hghted The pubhc 
service commissions have it m their power to effect an immense 
improvement m this respect, but first a thoro investigation should 
be made, with the co-operation of the railroads, to show what 
are the best methods to follow, and what it is practicable to ac¬ 
complish with present resources 
Heating and ventilation of care Another question of great 
practical importance is the heating and ventilation of cars, mclud- 
mg Pullman sleepmg cars. Any person who has sweltered m an 
overheated, unventilated lower berth of a sleeping car (and who 
has not), will allow that there is great room for improvement. 
Surely the resources of American invention have not been exhaus¬ 
ted m this direction, nor, mdeed, with respect to heating and 
ventilation of day coaches It is one of the functions of pubhc 
service commissions to see that the health and comfort of the 
public are kept in view by the utihty companies, and if it can be 
made clear what should be done in t^ respect, the way to reform 
IS open. 
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Raitway acadenU. Aixotiia line of work which deserves an 
immense amount of investigation and study, and co-operation ^ 
between the states and tbe federal government, is the prevention 
of railway accidents. Much has been done and is now being 
done, both b^ federal and state agencies, and by the railway 
companies; but far greater sums of money mi^t well be expended 
by file states and the federal government m a systematic mvesti- 
gation of all phases of this question. It is nothing short of a 
national disgitMse that American railways should kill and injure 
so many more people than do the radways of European coimtries, 
even where the speeds are as hig^ and the passenger traffic as 
heavy. Life is too cheap with us, and the penaltyfordisasters 
too sli^t. The causes of these accidents are partly physical 
and partly psychological, no doubt greater attention given to the 
subject of how to prevent both kinds of accidents would be abun¬ 
dantly rewarded.* 

Other subjects deserving research could be named that fall 
within the province of the public service commission, but enough 
has been said to show how important are their functions apart 
from the duty of fixing rates and preventing discnmmation 
Tliese illustrations show how much better it is for the pubhc as 
well as the compames that the commissions regulate by co-operat¬ 
ing with and assisting the companies instead merely of dictating 
to them what they shall do or shall not do; that the scientist, the 
engineer, and the statistician are more useful to them m their 
woric than the lawyer, that the bar of pubhc opinion is more 
effective than the courts in enforcing their decrees. Many of 
these utilities are operated by big corporations, owning scores of 
plants in many states; in the case of the telephone and telegraph, 

* A reoent wntar lUtoi tlutt 10,877 more pmons wore injured on mlroacU in 
tin Umtad Stntei in 1012 than in 1011, and oommeoting on the ahgfat amount of 
aoientiflo Information that has been eollaetod regarding the oauam aooidenta, 
ha adds 

'^Tlie railroads of this country carry so many passangm sad so much freight 

that an oca year they are able to charge three billion dollars for the Samoa ?And 

yet it IS admitted that no accurate engmeering data showing the actual stpsescs 
which aiw set up in railway etrueturea by locomotivei and ears of different if^ghta 
and morlng at diffmnt speeds has ever been gathered ; 
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they are gigantic eystems operating over the whole countiy 
Jt IS therefore impoiWit that the rules and regulations m the differ- 
^t states shall be as nearly uniform as B||^ble Hence, m order 
to reach wise and just conclusions, and to secure uniformity, it is 
important that the states co-operate with one another, and the 
federal government can serve as a valuable aid an#oo-ordinating 
force m this co-operation 

The results that are being attamed m this way are only begm- 
ning to be realized They will be of mvaluable benefit, not only 
to the pubhc served, but to the compames themselves, and to the 
cause of good government With the utihly companies under 
the control of busmess-like state oommissions, the business is 
better managed,* disonminations m rates are ehminated,* the 
utihties are taken out of local pohtics, and the possibihty of pure 
mumoipal govmunent m America is enormously enhanced * 

* B H Mey«r ipeakinc on the Wiaooosin Public Utilities Commission at the 
Pittsburgh Meeting (lOOB) of the National Mumoipal League said 

**The utility law is working a revolution in busmens management 
Many of the utility oompanisa have not been operated on a business basis, in fact. 
It is probable that a good many of the managements did not have the remotest idea 
as toina exact standing from a bumness point of view of the plant, they were 
operating Uniform aooounting and rules governing the ssrviee and the regula¬ 
tion of ratio oompd the adoption of busmess and scientific methods This is 
resulting in nothing short of a revolution m management ' 

V The whole state of Wiaoonsin was literally streaked and plastered wiUi dis- 
eriminatmp m the rates of utilities, and in all the rest of the country where the 
sextent of the disoruninationB have not yet been determined, as they have been in 
Wisomism it is quite probable that diaenipinations sumlar m character and extent 
likewise exist 

* Oovsnor MeOovero bss this to s^ regarding the utilities and politics in Wu 

*'Times were mWisoonsm when the railroads ran (w tried to run the govtfmnant 
of the state, and the minor utilities sou^t to boss the cities, towns and even vB 
leges They contributed liberally to campaign funds urged their supporters and 
kdibyists to become oaadidatss for public office andinolosedeetiondisUietaoolon- 
ued voters m the cdd ocAvoitional way Now one and all they are in this eenae 
absolutdy out of pohties There is, indeed no reason now why publio semee 
corporations m Wisoonam should wish to dabble m publio affairs Tlieir rdatkms 
to the peo|de of the state have been definitely and finally determined They no 
longer have anything to gain or lose by mtmaeddling m poliUos, and spparvitly 
they have dseided to retire for good What the Simulation of publio sonee oorw 
p<mtioDS itom partieipation in pohtleal campaigns signified m the ponfloation of 
puUie life^ no ooe here needs to be reminded * 
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One of the beet results of the method of regulation by public 
service commissions is the pubhcity it secures of the affairs of the^ 
company and the confid||pce it establishes m the pubhc mind m 
the various utility companies. The suspicion and distrust whieh 
Senator Root emphasized so strongly in his New York address is 
everywhere fett toward these companies when their affairs are 
kept secret, and especially when the service is poor and the divi¬ 
dends good. Controversies arise which sometimes degenerate 
into bitter and partisan feuds Who can feel kmdly toward the 
management of a street railway company if he is usually com¬ 
pelled to nde as a strap lianger, or toward a gas company if the 
rates are excessive or he behoves that his meter races, or toward 
any company that appears to regard its franchise as the deed to a 
private monopoly If the service is improved or the rates re¬ 
duced as the business grows more prosperous, the people as well 
as the stockholders derive benefits from success The pubhc 
soon realizes that utilities so conducted are in effect partnerships 
between the public and the stockholders, and are wilhng that the 
latter receive increased dividends with mcreased prosperity if 
the public is permitted to share the fruits of success. Th6*elid- 
ing scale of prices for gas is a successful example of this system, 
but It 18 also reahzed in many cases where a shding scale of prices 
has not been fixed m advance. Tho regulation of prices by a 
commission gives m effect a sliding scale, by which cither the pnee 
goes down or the quality of the service goes up, as the success of 
the buhineiss justifies it For want of a Pubhc Service Com¬ 
mission in the District of Columbia, tho Interstate Commerce 
Commission has recently been exercising the functions of such a 
commission with respect to the street railways, and with good 
effect There is great need of a full fledged Public Service Com¬ 
mission in the Distnet, and it is hoped that Congress m its wisdom 
will respond to pubhc sentiment and establish such a commission. 

How infiaately better is this method of regulation thftn the 
building of publicly owned utilities to compete with pnvate plants 
already m existence For a state or city to say that it is impotent 
to regulate a pubhc utihty is a confession of weakness, but there 
is far greater difficulty m city control than m regulation by state 
commissions. Except, perhaps, m the largest cities, it seems 
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much better to have stroug state conmussioiiB, well equipped with 
technical assistants, than to have separate commisaioiiB for each 
city. And with the co-operation of other states and the federal 
government, any state commission can establish its work with 
cOily a fraction of the effort and expense required by those states 
that have pioneered the movement * * 

Turning now to the great mdustnal and financial corporations 
popularly called trusts, the question suggests itself whether it is 
possible for the government to regulate them m a manner similar 
to the regulation of the natural monopohes we have been discuss¬ 
ing, so that full pubhcity may be secured, the rights of the public 
may be conserved, and at the same time the rank and file of the 
stockholders will be protected from the vultures that often hover 
over the executive offices of such concerns. One cannot say that 
it will be done as easily, but it is coming to be believed that the 
general method adopted m the regulation of pubhc utihties is the 
right one, namely, less dependence on law and the courts, and more 
dependence on engineers, statisticians and business experts, that 
the government should prescribe affirmative duties for the giant 
corporations, and not merely negative ones, that a constructive 
pohey that would benefit both the business concerns and the pub¬ 
lic they serve should be sought, rather than a retrograde pohey 
that is no benefit to the business and does no good to the public. 
If such regulation could be reahsed, and consohdations and 
promotions in business could be limited to such as would benefit 
both the pubhc and the stockholders, and not merely big finan¬ 
ciers and promoters, it would be a notable achievement m our 
pohtical as well as economic history. It would assist mightily 
m the peaceful settlement of mdustnal disputes and inthebnng- 
ing of a better imderstanding between capital and labor. 

It is just as reasonable to expect the government to perform 
this fimotion of regulation of monopolies as to expect it to adjust 
international disputes by arbitration rather than by war. It 
is not socialistic, but rather the reverse, for it is the alternative of 
state ownership, In Germany the cities are great business 

' Wnting in IfiOS, Profenor Ely said “States having eommiasiona empowered to 
enforce uniform accounting will conatitute great economic laboratonec in this 
connection during the next quarter of a century ” 
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concerns operated by business men for the benefit of the people, 
and as such they are models for the whole world They own and 
operate most of the public utihties themselves, and do it well, 
and hence the necessity of public regulation is there lees felt 
altho it has been practiced for many years. ‘ But m this country, 
mumcipal ownership has been less successful, except in the case 
of municipal water supplies. 

There have been three stages in the modem history of natural 
monopolies. In the first they went unregulated, being operated 
for the profit of thS owners and exploited for the benefit of fin a n - 
ciers. In the second stage, relation was by l^islation and law 
suit. In the third, r^pilation is by commission; the regulation 
is more complete, as well as more intelligent, and co-operation 
and publicity are the keynotes of the method. 

The large industrial corporationB which have virtual monopo- 
hes, are mainly in the first stage, altho some are in the second. 
Whether they will finally come to the third stage, and be regu¬ 
lated by the methods now applied so successfully to natural 
monopolies, remains for the future to determine. 

If state regulation of natural monopolies becomes as general 
within a few years as it promises to be, and if it is as successful 
generally as it has been in the few states which took it up Qfst, 
it will solve the problem of public utilities and largely solve the 
problem also of good municipal government. 

The signal success of the Wisconsm Commission was largely 
due to the infiuenoe^of the University of ‘^^^soonsin. In its per^ 
aonnel and methods it was a soientifio commismon, and entered 
into its work with the spirit of the investigator. Its spirit and 
its methods have bem adopted by some of the other stateoom- 
missions, of which a larger number have been created recently and 
are now taking up their work. 

If the administrative (fficers of the commissions are assisted 
by scientists, engineers, and economists, and the work is 
done in a juAicial spirit, as new problems being taken up as a 
soientifio research would be, the states and fe^ral govenunent 
aotiiig in full co-operation, with the experience of each available 
to all; if the work is done in that way we may be certain that 
success will be sure and permanent. 
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MINERAlXXjY. The determination of Oie order of agreement 
between obeervcWion and theory tn mineral analyeee.^ Fred. E 
Wi^GHT, Geophysical Laboratory, and C. E. Van Obbtrand, 
Geological Sun^. 

In a recent number of this Journal,* Dr. W. T. Schallor 
published an interesting note on *‘The Calculation of Mmeral 
Formulas” in which he showed that the ordinary method of cal¬ 
culation—by first reducing the weight percentages of an analysis 
to mol numbeiB* and then dividing these by one of the mol num¬ 
bers thus obtained—^furnishes results whose degree of approxima¬ 
tion to whole numbers is leas than that of the values derived by a 
new method of calculation which he described. In view of the 
fact, however, that certam details of his method are open to criti¬ 
cism, it has seemed impropriate to the present writers to consider 
the prmciples underlying the subject, and to determine if possible 
the most logical basis and method for conmaiison. From 
Schaller’s paper, the mineralogist or chemist may perhaps be led 
to infer (1) that the ordinary methods of calculation furnish 
only a rough measure of the degree of approximation of a chemical 
analysis of a mineral or chemical compound to the values derived 
fnw its chemical formula; and (2) that by a somewhat involved 
cadllation the analysis can be expressed in more accurate form. 

> PubliBhed irlth the pennlenon of the Director of the U. S. Oeolofioel Survey 

* Jour. WadLAowL 801 ., S 97-«8 1913 

* The term mol number te hero eugseeted ae an approp^te name for the number 
obtained by dividing the weight percentage of a ^emieal eobetanoe in any given 
ohomieal analyab by ita iwoper molecular (reapectivdy atomic) weight Such 
numbeco have uaually been e^ed mt^eeyiar rakoe, but thvy are, rather, numben 

tho number of mole (graoMnoleoulea) of each aubetance preeent in n 
grama of the material analyied where n la the aum of the analyna The terma 
molMtilar roliea or meUeuUtr proporitone apply logically only to the numbera of the 
dumJcal fonnula. Hina in the analyaia cited below, the chemical formula num¬ 
ben OT molecular ratioa are 

8 : Aa : CAg + Cu) 11 .2 8 , while the mol numbera from the analyeia are 
8 ■■ OAMt; Aa « 0.1008; (Ag + Cu) » 08075. To uae the temamoleoular ratioa 
mdiioiiminately for both ceta of numbera la not conducive to preciae atatemeot and 
h not to be recommended The term mol maiihcr eeene p^erable to moiemdar 
mmdm ot molecular quotient (Moldnilaraahl Molakularquotient) which are in 
c ur rent uee m Qennw. The writen are indebted to Dra. WaaUngton and 
Ni^ for detailed dleeumfam of the p r op oeed tenm 
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The underlying purpose of such calculations is not, however, to 
improve a chemical analysis by mathematical manipulation, which 
is obviously impossible, but to obtain a logical basis of comparison 
for the given analysis with the analysis calcidated from the chemi¬ 
cal fo'rmula In the following paragraphs the difterent methods 
which are available for such comparisons will be discussed with 
reference to their accuracy and general apphcabihty It will be 
^own that the best general method is to compare the actual 
analysiB of the mineral with the weight percentage analysis de¬ 
rived from its chemical formula This method is, moreover, m 
common use The method suggested by SchaUer is not only in¬ 
ferior to this and to the other methods considered below, but it is 
mcorrect m principle m certam details. 

The problem is based on Dalton’s fundamental law of simple 
atomic or molecular ratios, namely, that m a homogeneous chemi¬ 
cal substance in which the relations are not veiled by sohd solu¬ 
tion, the atomic and molecular proportions can be expressed by 
small whole numbers. In practice, however, we find that because 
of various sources of error (lack of punty of material analysed, 
inaccuracy m chemical methods and impunties in reagents 
employed, errors m atomic weights, personal equation of analyst), 
the actual data of a inmeral analysis, after reduction toifhiol 
numbers, only approximate whole numbers m their ratios, the 
deviations being usually small and to be treated as errors of obser¬ 
vation. In the present problem, only the final results of an 
analysis are given and the above sources of error can not therefore 
be differentiated and properly weighted, but have to be considered 
together and all analytical data equally weighted. It should be 
noted that in ehemical data of this character, the e^ystematic ' 
errors are relatively large, and that, furthermore, they can not 
be disti n g uis hed in the analytical data, as given, from the acci¬ 
dental errors Too refined mathematical treatment is, therefore, 
unnecessary and misleading For the sake of oompleteness, 
however, the various available methods will be consided^ bdow, 
even tho several of them aie hardly to be recommended for the 
reasons cited above 

From the mol numbers of an analysis we infer by inspection the 
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molecular patios or simple chemical formula numbers, and then pro¬ 
ceed to determine how close the agreement is between the observed 
values and those deduced from the inferred chemical formula 
This can be done by several different methods, which, however, are 
not all equally rigorous. The best and most logicd methods are 
based on a comparison between the given analysis (weight per¬ 
centages) and the weight percentage analysis computed from the 
inferred chemical formula. Comparisons can also be made 
between the mol numbers and the inferred molecular ratios, but 
these are not strictly correct in prmciple. They have, however, 
often been adopted, by chemists and mmeralogists, andment, 
therefore, a brief word of descnption after the more rigorous 
methods have been presented in detail. In all the methods the 
assumption is made that after propea reduction of the weight 
percentages of the given nuneral analysis, the chemical formula 
numbers (molecular ratios) ran be inferred by simple inspection, 
this signifies that m the case of sohd solution we know, or are able 
to determine, the particular molecules which should be consid¬ 
ered together. 

First method. In this method the chemical formula numbers 
are first multiphed by the proper molecular (respectively atomic) 
weights and the corresponding weight numbers (x) obtamed. 
These m turn are multiphed by a factor m which is detemimed by 
the least square method and furnishes the most accurate values 
(yO for the weight percentages To find m we assume m accord 
with usual mactice that the theoretical weight numbers (x) 
derived from the molecular ratios are free from error and that the 
observed quantities (y, the weight percentages of the analysis) 
contam errors of observation. Smee the two senes of numbers 
stand m a constant ratio m to each other we have the observation 
equations # 

yi - mxi, yi - wix*, y« - mx^. (1) 

The general equation, y « mx, is the equation of a straight 
Hnft passing thru the origin. The rigorous solution consists, 
therefore, in adjusting the straight hne thru the n given points. 
A higher degree of precision would be obtamed by considenng the 
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ongu as an observed point but this assumption seems m the 
present mstance unnecessary and mooirect m pnnciple 
To obtam the required solution let the equations be put m the 
form 

pd/i-mpiXt-pi®*, Pi^/n-n»P»®«-p.»«(2) 

m which Vb are the reqiectitre residuals or the dif- 

ferenres between the observed values (pi,pi Pn) and the 

computed values {y\, y\, y'^) PiPi, Pn are arbitrary 

weights assigned to the correspondmg observation equations 
By makmg now the sum of the weighted squares of the residuals 
iPiVi* 4- PjI^* + + PM,*) a minimum we obtam the best 

possible solution of the equation for m namely, 


m 


P\xy +Pia^» + 
PiTi’ + Pitt* + 

an expression which reduces to 

a; V + + 

■Bi + 4* 


m = 


4" P 
d-Pn-P ’ 


4-aJ Pb 
4-®b* 


(3) 


when we assume that the weights (pi, p, Pb) to be as 

signed^to the observation equations are all umty 
To apply this method to the andiysis cited by Thaller we ascer- 
tam first the mol numbers (Column 2) by dividing the weight 
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percentagee of column 1 by the proper atomic (respectively 
molecular) weights,** from these mol numbers, we have 

S : As ■ (Agi + Cui) - 0.6444: 0.1008. 0.3976 

and infer that the correct chemical formula numbers are * 

« 

S : As : (Ag, + Cu,) - 66 :10 : 40 - 11 :2 8 

These numbers (column 3) are then multiplied by the proper 
atomic (respectively molecular) wei^ts and the (x) values of 
the equations (1) obtained (column 4). The value of m is now 
found from equation (3) by dividing the sum of the products of 
the observed values (y) (column 1) and the theoretically correct 
values (x) (column 4) by the sum of the squares of (x). On 
multiplying the (x) values by the value of m (» 0.049682) thus 
computed we find the values in column (5), the differences be¬ 
tween the observed (y) and computed (y') values (o — c, column 
1 — colunm 5) are a proper measure of the degree of approximar 
tion of the actual analysis to that computed from the inferred 
chemical formula. The ngorous test would consist in computing 
the probable error of a single observation but this procedure is 
perhaps unnecessaiy for data of the character here considered. 

Second method. This method is a mathematical refinement 
of the first method but it does not give values which are of suffi¬ 
ciently greater precision to warrant the extra labor involved m 
computation nor does the assumption that (x) contains errors of 
obs^ation seem to be rigorously justified unless errors m the 
atomic weii^ts are of sufficient magnitude to be taken mto account 
In this method it is assumed that both the (x) and the (y) values of 
equations (1) contain errors of observation. The proper value of 
m to meet the conditions is then obtained from the equation 

m- - m — 1 - 0 (4) 

wherein 

* In hu iH^wr Sohaller did not stato the atomio (raapwtivdy moleoular) waghU 
whioh he uaed in hia oanputatiooi They are readily found, however, by dividing 
the numben of the first oolumn by the oorrwpondlng onee of the eeeond They are 
8 - 83 07; Aa - 75 00; (Ag,l - 216 82, (Cut) - 12718 
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_ + XiO/t + 

n»i =-——r-;- 

Xt’ + Xj* + 

i/i* + Vt* + 

7/%^ C3 - - — — - — ■ 

XiV, + xrf/» + 


_+ x«y, 
+ x„* 

+ Vn* 
+ X„y„ 


In theao equations the weights of (x) and (y) and of all obser¬ 
vation equations are assumed to be umty, nii is the value of m 
m equations (1) when (x) is assumed to be correct and (j/) to 
contain the errors of observation, m* is the value of m m equations 
(1) when (j/) IS assumed to be correct and (x) to contain sli^t 
errors. On applying this method to the above analysis we find 
that the values obtamed are identical with those m column 5 to 
the second decimal place 

Third method The results obtamed by this method are only 
approximately correct but they are of sufficient accuracy to 
be satisfactory for most analyses and are, moreover, readily com¬ 
puted, the computation consisting simply m reducing theweight 
numbers (x) (Column 4) proportionately, so that their sum (col¬ 
umn 6) 16 equal to that of the given an^ysis (column 1), the as¬ 
sumption being that when the two analyses have the same sum 
(either the actual sum of the given analysis or 100 00), we have a 
common basis for companson The differences (column 6a) 
between the observed weight percentages (column 1) and those 
computed by this method (column 6) are then an approximate,*^ 
but satisfactory measure of the agreement of observation with 
theory. This method is, for general purposes, the simplest and 
best Mathematically it can be stat^ from a somewhat differ¬ 
ent viewpomt, altho the computations are the same If we 
assume that the sum of the weighted residuab (piVi + piV» + 

+ PbVd) m equations (2) is iiero, the resulting equation gives 


fn' = + 

PlXl + PtXi + 

an equation which reduces to 

m' ■> — - 

" Xj 4- Jt + 


+ p»yo 

+ P»Xb 
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when we assign equal weight to all the observation equations 
In Sohaller’s anal 3 rBis, the factor 

which IS only slightly difflrent from the factor m obtained by the 
least square method To find the required value for S m the 
above analyns by this method, we multiply the weight number 
352 79 (column 4) by the factor m' » 0 049706 and ob tain the 
value 17 54 listed m column 6, the remaining values of column 
6 are obtamed from column 4 by multiplying by the same factor 
To impose the conditions (1) that the sum dT the residuals 
shall vanish and (2) that the sum of their squares shall be a 
minimum , we write the observation equatnms m the general form 

1 / - o + mx, 

fmd adjust them by the usual least square method There seems, 
however, to be no justification for adopting such a procedure here 
Fourth, fifth and nxih methoda These methods are identioal 
with the three preoeeding methods except that the adjustments 
are made between the mol numbers and the molecular ratios 
Thus the mol numbers may be taken as the observed values (y) 
uid the molecular ratios as the theoretically correct values (x) 
to be used m the observation equations (1) Adjustment can 
then be made by any one of the methods deeonbed above Thus 
m method (4), the factor m of observation equations (1) is found 
from equation (3) by considering the mol numbera (column 2) 
the (y) values and the molecular ratios (column 3) the (z) values 
The final values are then obtamed by multiplying the (z) values 
(column 3) by the factor m thus computed In method (5) the 
same values of (z) and (y) are used and the proper value for m 
computed from equation (4) above Similarly m method (6) 
the proper value for m' is computed from equation (6) The 
results obtamed by these three methods are, however, theoreti¬ 
cally inferior to those of the first three method^ for the reason that 
the mol numbers are obtamed from the wei^t percentages by 
dividing them by the proper molecular (respectively atomic) 
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weiglits, and are therefore differently wonted becauee the mole* 
cular (reepectively atomic) weights are different In the pieBent 
case these objections do not senously affect the results obtained, 
but the objection is nevertheless valid and the methods are in 
error to that extent 

Seventh, eighth and ninth methods In these methods the adjust¬ 
ments are made on the assumption that the mol numbers are 
theoretically correct (x values), while the molecular ratios (y) 
contam the errors of observation This is a still further depart- 
ture from correct theory, and neither these methods nor those 
noted in the last paragraph are to be recommended The values 
obtamed by the seventh method mvolving adjustment by least 
squares are listed m column 7, while the differences (o — c) 
between columns 3 and 7 are given in column 7a Similarly, the 
results obtamed by use of the nmth method, which corresponds 
to method 3, are given in column 8 and the differences (o — e) 
m column 8a It may be noted here that insofar as the numerical 
computations are concerned, it is unmatenal which set of quantities 
(x or y) are assumed to contam errors of observation when equa¬ 
tion (6) IS used, but different results aro obtained when the omm- 
tities are adjust by means of equations (3) and (4) 9 

Schaller’s method is m error m the following details of pmi^le i 

1 Comparisons are made between mol numbers and molecular 
ratios on the assumption that the mol numbers are theoretically 
correct while the molecular ratios contam the errors of observa¬ 
tion The objections cited under methods 7 to 9 apply, therefore, 
to his method 

2 The numbers given m his column (2), page 98, are of unequal 
weight and the anthmetic mean is not, therefore, a correct aver¬ 
age 

3 The final values m his last col umn near the bottom of page 
98 are obtamed by dividing tho computed numbers m his column 
(3)> PAge 98, by the molecular ratios These values are accord¬ 
ingly of different degrees of approximation because differently 
wei^ted 

4 His method may be stated m the form of an equation by 
putting 
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in equation (5). Since the weights are here inversely propor¬ 
tional to the (x) values, it follows that small molecular ratios 
are adjusted more accurately than the larger numbers. 

Summary. Of the methods available for comparing the ob¬ 
served results of a mineral analysis with those obtamed from the 
chemical formula to which the analysis corresponds approxi¬ 
mately, the best method is to ascertam first the wei^t numbers 
(derived from the chemical formula by multiplying these ratios 
by the proper molecular weights), and then to adjust these values 
to the given analysis by the least square method Smce the com¬ 
putations involved are, however, somewhat laborious, and further¬ 
more, since there are a limited number of observations and the 
systematic errors of observation are, in general, large as compared 
with the accidental errors, the simple method (3) (equation 6) is 
preferable for general use. It furmdies results which are very 
nearly correct and consists simply m reducing the weight num¬ 
bers proportionately so that their sum is equal to that of the given 
analysis. In other words, we compare the actual analysis directly 
with the weight percentage analysis computed from the inferred 
chemical formula, both analyses having a common sum. The 
differences between the observed and computed values are then 
a sufficient measure of the degree of agreement of observation 
with theoiy. The two general formulas (3) and (6) furnish the 
best solutions of the present problem In these formulas y may 
be taken to represent weight percentages, mol numbers or molecu¬ 
lar ratios, while z represents respectively the weight numbers, the 
molecular ratios or ^e mol numbers Equation (3) always gives 
a more precise adjustment, but equation (6) is m geneitJ sufiK- 
dently accurate for the computations here considered. The 
relation between weight percentages and weight numbers is 
rigorous. The relations between mol numbers and molecular 
ratios are lAulring m rigor, but are usually sufSciently accurate 
for the purpose. 
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PHYSICS— A new thermal nwroecope for the metuuremenl 
of the optical Constanta of rmnerals at high temperaiurea 
Fred Ecgbnb Wright GeophyBical Laboratoiy 

With this microscope (fig 1) three optical constants—^bire¬ 
fringence extmction angle optic axial angle—of a properly on 
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ented crystal plate can be measured accurately at any tempen^ 
ture between lO’C and 1200*’C Above 1200*’ the mtensity of 
illumination from the furnace itsdf is so great Hiat it tends to 
veil the optical phenomena produced by the polarised h^t waves 
transmitted thru the plate The thermal imcroscopo consiste 
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of two distinot parta: (1) a petrograpbio microaoope equipped 
with a suitable device for simultaaeouB rotation of the nicdls, 
either by means of gear ^eels connected by a bar (fig. la) or by 
means of a direct connecting bar (fig. lb), the second method be¬ 
ing the more accurate and satisfactory, (2) an electric resistance 
furnace A (fig. 2) which is enclosed within the water jacket W 
(fig 2). The details of construction of this furnace are shown in 
vertical section in figure 2 The furnace consists of two alundum 





tubes made eqiecially for the purpose and wound on the outside, 
in helical grooves of 1 mm. pitch, with platmum wire 0.36 mm. 
in diameter. It is then coated with alundum cement and finally 
baked at 1200° to 1400° for several hours. In this furnace the 
relatively small openings at the ends and the side, the enlarge¬ 
ment at the center and the close winding of the heating coil are 
arranged to msure uniformity of heating m the central space 
where the crystal plate is heated and its temperature measu^. 

The water jacket consists of a hollow brass cylinder and sep¬ 
arate hollow end plates each of which is provided with an mtate 
and outlet F for the oiroulating water. Into each end plate a 
plunger P is fitted for wiping away the air bubbles which happen 
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to collect between the two glaea windows B and thus to disturb 
the field of view. To the cylinder part of the jacket a support 
G 18 attached with conical center beanng for the crystal holder. 
The crystal plate whose optical constants are to be detenniiied 
is held m position by platinum jaws (L fig. 2) which fit into and 
project beyond the porcelain tube N, which m turn is held in 
position by the rotating holder H. The thermoelement wires D 
are passed thru the larger tube N in small porcelain tubes T and 
extend beyond these so that the thermoelement junction is di¬ 
rectly beneath or above and m contact with the mmeral plate, 
thus insuring good temperature readings The temperatures are 
read either on a direct reading miUivoltmeter (Siemens and Hal- 
ske type) or in more accurate work by means of a mirror galvano¬ 
meter and potentiometer system as commonly used m this lab¬ 
oratory.* The holder H is cqmpped with a circle C, graduated 
to degrees, and with a clamp screw K for keeping the tube N in 
place. This part of the apparatus n complete m itself and can 
be withdrawn from the furnace at any temperature without dis¬ 
turbing the other parts. To insure proper adjustment of the 
crystal plate a second holder (hg lb) is clamped to the stage of 
a second microscope and the plate so mounted that the plane of 
its optic axes is normal to the axis of rotation of the holder. 



Fig 3 


For this adjustment a device for autocollimation has been 
used which has proved serviceable and promises to be of value 
m other autocolhmatmg instruments A thin cover slip of the 
shape mdicated m figure 3a with one edge vertical and the oppo¬ 
site edge mclmed 45° to the vertical, is placed m the rear focal 
plane of the low power objective. Light from a Nemst filament, 
sent thru the plate to the mclmed edge, is totally reflected 

% 

■ C'arnrgie Inahtufion of Wuhingtoo, Pub 31,1006, UT, 08,1011 
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and passes thence through the objective to the mineral plate, 
where it is again reflected and appears, after its return through 
the objective, as a sharp bn^t Ime m the dark field. When the 
mineral plate is normal to the axis of the lens system, the bright 
hne is practically covered, thus enabling the observer to make 
very accurate adjustments.* 

This method has been improved by using two cover glasses as 
indicated by figure 3b, the space between the glasses serving to 
giark the center. The complete cross has also been obtamed 
by means of cover glasses ground as illustrated m figure 3c. The 
grinding and mounting of four such cover glasses is, however, 
difficult and requires considerable skill to be accomplished satis¬ 
factorily.* 

After the crystal plate has been mounted and adjusted and 
the thermoelement wires correctly placed, the holder H is m- 
serted into its support 0 on the water jacket (fig. 2) and the min¬ 
eral plate thus mtroduced into the furnace m a position ready 
for the measurement both of its optical constants and of its tem¬ 
perature 

The hvrtfnngence of a mineral plate is measured on this micro¬ 
scope by the method used on the thermal microscope described 
severe years ago.^ The thickness of the plate is detemuned be¬ 
fore insertion into the furnace. The change in thickness due to 
expansion on heating is so slight that it is negligible for most 
measurements of birefringence. The path-difference of the emer¬ 
gent waves from the crystal plate in the furnace is measured by 
means of a graduated oompensatmg wedge.* 

Eftincium angles are measur^ by means of a biquartz wedge 

* Thifl scheme for autooollimation is somewhat aunilar to that suggested by 

Nutting in this Journal %, 1912 In bia arrangement a reflecting cover glass 

IS used on end with the result that only a small part of it is in focus at any setting 
of the ey^eoe while in the scheme outlined above the entire cover glass is in 
shatp focus and the field la less disturbed 

■ These different types of cover passes were satisfactorily ground for the 
wnter by the Bauseh and Lomb Optical Company. 

<Am J Soi (4)ST»43 1009 

• Am J. Soi (4) 417 1910, Carnegie Institution of Washington, Pub 168^ 

102 1911 
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plate* combined with rotating mcols. This plate is useful for 
determining positions of total extmction of a mineral even at 
high temperatures where the strong illumination of the fumaoe 
held tends to cover up the mterference colors from the mineral 
plate. 

The optxc anal angle is measured directly on the graduated 
circle C (6g. 2), the crystal plate being rotated until each of its 
two optic axes coincides with the axis of themioroscope (tested by 
rotation of the mcols, as in the umversal stage methods); the 
angular distance between the two positions of coincidence is 
read directly on the graduated circle. These positions are shaiply 
marked and the error of the measurement of the optic axial angle 
on a favorable section is not over *1° even at relatively hi^ 
temperatures 

This thermal microscope has proved so satisfactory in practice 
that an extended senes of measurements on selected natural mm- 
erals of known composition has been commenced with a view to 
determme not only the changes m their optical constants but 
also their mversion and melting temperatures, these last temper¬ 
atures to be checked by means of the accurate temperature meas- 
unng methods now m use m the Geophysical Laboratoiy At 
the same time the refractive mdices and m some instances changes 
m crystal angles will be ascertmned by the use of another fur¬ 
nace attached to the two circle gomometer and to be described 
in a later commumcation. 

* Am J S«i (4) 96, 877, 1908, Carnegto Inatitutioa of Washington, Pub 168, 
139 1911 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE GEOLOGICAL SOCIETY OF WASHINGTON 

The 265th meeting was held m the lecture room of the Cosmos Club, 
Februaiy 12, 1013. 

An informal communication was presented 

Cone tn cone dructure in coal from SI. Anthony, Idaho E. G Wood- 
buff. Cone in cone*structure is not uncommon m clay and shale, but 
unusual in coal The specimens exhibited from the St Anthony coal¬ 
field, Idaho, show this structure well developed on the surface but not 
developed within the specimens, tho shearing is shown Bed from 
which the sample is taken is crushed and faulted Shckensiding is 
common. The cone m cone genetically m this case seems to be closely 
related to shckensiding. The complete explanation is not offered 

The formal communications were: 

Certain metaUus minerale as precipitants of silver and gold Chasb 
Paucxb and Edson S Bastin The paper be published m no 2, 
vol. 8, of Economic Geology, and m Sorter form in the Transactions 
(New York meetmg) of the American Institute of Mming Engmeers 

Time relatione of glacud lakes tn the Great Lakes region' Fbank Lev- 
BBim The following tabulated statement of tiie order of development 
of lakes m the several basins sets forth the tentative correlation based 
upon a study of the morames, lake outlets, and other features which bear 
upon correlations The writer is responsible for the present tabulation 
but 18 indebted to various other geologists for data bearing upon the 
direction of outlet of the several lakes at different lake stages. 

Order of development of qlacxal lakes 

1. General recession of ice border but with some oscillation 

Lake Maumee, discharge (a) By Fort Wayne to Wabash River. 

(b) By Imlay outlet to Lake Chicago. 

Lake Sa^maw, discharge in later stage by Grand River outlet to 

Lake Chicago 

Lake Chicago, discharge by (Chicago outlet to Ilhnois River. 

2. General reoession of ice border 

Lake Arkona, discharge by Grand River outlet to Lake Chicago. 

LsJee Clucago, discharge by Chicago outlet to lUmois River. 
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3 Readvance of loe border 

Lake Whittlesey, dischaim by Ubly outlet to Lake Sas^w 
Lake Sa^naw, discharge oy Qrand River outlet to Li^ Chicago 
Lake Chicago, discharge by Chicago outlet to lUinou River 

4 General recession of ice border 

Lake Wayne, discharge by Syracuse outlet to Mohawk River 
Lake Chicara dischi^ge by Chicago outlet to Illinois River 
Lake Duluu, discharge by St Crone outlet to MissisBippi River 
6 Readvance of ice border 

Lake Warren, discheirge by Grand River outlet to Lake Chicago 
Lake Chioa^, discharge by Chict^ outlet to Illinois Mver 
Lake Duluu, discharge by St Cron outlet to Mississippi River 

6 General receonon of ice border 

Lake Lundy, Elkton Dans discharge by Syracube outlet to 
Mohawk Valley 

Lake Chicaro, discharge by Chicago outlet to Ilbnois River 
Lake Duluw, discharge by St Cron outlet to Mississippi River 

7 General recession of ice border 

Lake Iroquois, discharge by Mohawk outlet 

Lake l^ne, discharge by Niagara outlet to Ltdce Iroquois 

Lake Algonquin, dl^harge by (g,) Trent outlet to Tstke Iroquois 

(b) By St Clair outlet to Lake 
Ene 

Lake Agasus, disi barge by River Warreo to Misaiaaippi River 

8 Ice border north of Great Lakes watershed 

Lake Nipissing, discharge by W Ottawa outlet to Champlain Sea 

(b) Part discharge by St Clair outlet 
to Lake Ene 

(c) Full discharge by St Clair outlet 
Lake Ene, discharge by Niagara outlet to Lake Ontano or Cham* 

plain Sea 

Champlam Sea m St Lawrence valley 

Close of Lake Agassis, probably eastward discharge to Lake 
Algonqum followed by northeastward drainage to Hudson Bay 
0 Modem lakes discharging by St Lawrence River 

R W Richabds, Seentary 

The 266th meeting was held m the lecture room of the Cosmos Club, 
February 26, 191), and the following inforiDal commomcation was pre¬ 
sented 

Asphalt tn a baialHe amyfilalotd from BrUtsh Cohimbta Nobman L 
Bow&n 

The formal communications were 

The nwiead deposits of the Yelloto Pine dtsinet, Neoada J M Htm- 
The Yellow Pine distnct is m the southwestern part 6f Clark County, 
Nevada, near thh California line The mines are located on both aidm 
of the southern Spring Mountains over an area of nearly 400 square 
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miles. Jean, on the San Pedro, Loe Angelea, and Salt Lake railroad la the 
principal ehlpping pomt. GoodsiningB, 8 miles northwest of Jean ^th 
a population of 200 is the largest town 
The ore deposits are of uno and lead and fonn very irrecular replace¬ 
ments which usually occur in more or less crystalline wper MissiBsippian 
limestone. They are found thru a vertical range of 3000 feet and do not 
» seem to be restricted to any particular member of the sedmientanes 
The principal factors b the lo^sation of the ore bodies appear to be 
the presence of jomts and crushed sones which m general strike east and 
west or nearly north and south, and are in most places neai^ vertical 
The imc lead oree are umially closely associated. Tne ratio of 
imc to lead, however, is extremely variable even m the same ore body 
In general, the lead content is higher m the upper part of the ore bodies 
The only sulphide mmeral common to these ores is galena Part is 
probably on^pnal but some is undoubtedly secondary. At one place m 
the PotoBi imne a small body of sphalente ore was found entu^ sur- 
hiunded by oxidised sine ores This ore is considered to represent the 
primary ore, but it may be enriched The sphalerite is inteigrown with 
oaloite and a httle galena, and is iron-bearing 
The ores now be^ mmed m the distnet consist of white or red iron- 
stamed smithsomte, with some cerussite, andesite, and galena. Ci^ 
mine is not abundant and where seen is usually developed m the latest 
open watercourses m the other ore. Hydrosmdte is sometimes present 
m fairly large masses in tiie ore bodies near the surface and often shows 
as a white ooatmg on the croppmn. 

It is thought that the present bodies of carbonate ores have resulted 
m part from alteration of sulphide ores in place and m part from a down¬ 
ward concentration of the metals by surface waters which followed the 


fractumin their movement towards ground-water level. 

Pr^Wuwnsin dnft in the regton of C^acter Natwnal Park, Montana 

W. C. Aldik and Eugiims SraBmosB. An abstract of this paper was 


published in the preliminary list of papers for the New Haven meeting 
of the Geological Sode^ of America. The full paper is to be published 
in vol. 24 of the Bulletin of the Society. 


Fbamk L. Haas, Secretary. 



THE SEMI-CENTENARY ANNIVERSARY OP THE 
NATIONAL ACADEMY OF SCIENCES 

The National Academy of Smences will celebrate the fiOth aiuui^ 
sary of its foundation at the National Museum in Washington April 
22-24 inclusive The program will mcludc the foUowing addresses, to 
which the members of the Washington Academy of Sciences and of its 
affiliate societies are cordially invited 

Tuesday, April 22 —Opening session, 11 am Welcome Presi¬ 
dent Ira Rembbn 

The relaiton of science to higher education in America President 
Arthur T Hadley, of Yale 

Intemationdl cooperation in research Prof Arthur Schuster, Sihi- 
retary of the Royal Society 

Afternoon session, 3pm —The earth and sun as magnets Dr. George. 
E Hale, Director of the Mount Wdson Solar Observatory 

Wednesday, April 23, 10 30 am—On the matertai basts of heredUy 
Prof Theodor Bovebi of the Umversity of Wursburg 

The structure of the untverae Prof. J C Kaptevn of the University 
of Qronmgon 

All addresses will be m English 
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VITAL STATISTICS.— A natural population norm.^ I. Alkiudd 
J. Lotka. Communicated by G. K. Burgess. 

Birthrate and deathrate are m general functionB of the age- 
distnbution in a given population. Hence, for purposes of com¬ 
parison, it 18 customary to '‘correct,” the "crude” death rates 
to correspond to some arbitrarily chosen "standard population.” 

The age distribution itself is not, however, purely fortuitous, 
but tends to approach a certam "stable” type, as has been shown 
by the wnter elsewhere.* 

Instead, therefore, of studying conditions m an arbitrary stand¬ 
ard po])ulation, it seems worth while to study the characteristics 
of a "natural population norm,” m which the stable age-distri¬ 
bution 18 actually established. This is the purpose of the present 
paper. At the same time we shall compare the results obtained 
for such an "ideal” population norm, with figures actually 
observed in a case which approaches very nearly the calculated 
"normal” conditions. 

I. Birthrate, deathrate and age-dtebrilmtion in life. As the 
basis of our present disoussion we shall jise the formulae developed 
on a previous occasion, which are as follows. 

* Psper rud bef«e the Philoeophioal Sooiety of Washington on February 1, 
1018 

■ Am J1 Sc M 100, 87& 1007 Science M 21 1007. PhiL Mag, p 48S. 

April 1011. Compare also Bnatove, St. Thomas’s Hospital Beport, 1870^ as 
quoted in A. Newaholme, Vital Statistics, p 205. 1800 

ail 
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under the mtegral sign and integrating term by tenn We thus 
obtain expreesions of the form 

i ™ At — AiT + ilii^ *“ A^ + (4) 
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TABLE III 


1 liA 

! 

M 

fmCAlM 

rnaoMS 

C»lr Utod 

ObBarred 

CWlmilaUd 

OfaMcred 

OalonUud 

Obaamd 

Birthrate per head 6 0 08047 

0 03692 

0 03374 

0 03373 

0 03608 

0 03628 

Deathrate per head d 0 02^16 

0 02261 

0 02001 

0 01000 

0 02107 

0 02127 

Excess (6-tf) - r (0 01411) 

' 0 01431 

(0 01873) 

0 01373 

(0 01401) 

0 01401 

Proportion of females 






to n alo*i 1 045 

1 056 

_ 






* The figurea gtran in this table differ somewhat from those published m Phil 
Mag loo oit the latter were omnputed direotly from formula (1) uaiag for r 
the mean value 0 01401 for the mixed sezee m computing the results given in the 
present paper the different values of r for males and females were taken into 
account as indicated m Table 111 
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TABLE IV 


k 

k 

d 

r 

0040 

0 01582 

0 02107 

0 01803 

0 038 

0 01382 

0 02305 

0 01006 

0 036 

0 01182 

0 02217 

0 01383 

0 034 

0 00062 

0 02234 

0 01166 

0 032 

0 00782 

0 (BS60 

0 00044 

0 030 

0 00682 

002284 

0 00716 

0 038 

0 00382 

0 02322 

0 00478 

0 020 

0 00182 

002368 

0 00232 

0 024 

-0 00018 

002428 

-0 00023 

0020 

-0 00418 

0 02574 

-0 00574 

0 016 

-0 00618 

0 02706 

-0 01106 

0 013 

-0 01218 

0 03125 

-0 01026 

mBmm 

-0 01618 

0 03603 

-0 02803 



Fig. 3. AfOoDiBtnbution in the living population, England and Wales 1871- 
1880. Areas represent numbers of persons Females. 
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and, for the fraction of the population compneed between the 
ages Oi and a,. 

Jc (a) da ^ b (A'a - A'jr + A'if - A'ir* + ‘ ■ ) (6) 



Fig 3 Age-Distnbution in the living population, England and Wales 1871^ 
1380 Araaa represent numbers of persons Both Boxes 

In these series the constant coefficients are given by 

4.-—, fa*p(a)da 
n I«/o 


(6) 
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The value of the constants A, A' can be determined m a given 
numencal example by graphic integration Using the data given 
m the Supplement to the Forty-Fifth Annual Report of the 
Registrar General of Births etc m England covering the decen- 



Fig 4 Relation between birthrate por head 6 doathrate per head d and natural 
rata of inoteaae r in a population with stable age distribution (on the basis of statia 
ties for England and Wales 1871-1880) 


mum 1871-1880, the numencal values shown m Table I were 
obtamed partly by the aid of the plammeter and partly by apph- 
cation of Simpson s Rule 

Using the values of the constants thus obtamed, and substitu¬ 
ting for r the observed values, as given m the source cited above. 
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the results shown in Tables II and III were found. These results 
are also shown m graphic representation in figures 1, 2 and 3. 
It will be seen that there is a remarkably close agreement between 
observed and calculated values. 

In order to obtain an idea of the general character of the func¬ 
tion defined by equations (2), (4) and Table I, the values of h 
corresponding to a number of values of r were computed* and a 
curve was plotted. The numbers so obtained are shown m Table 
IV, and the curve in figure 4, It should be remarked that the 
portion of the curve corresponding to high negative values of r 
IS of course only of geometrical interest—^in nature such a value 
could only occur under exceptional circumstances, and then only 
for a hnuted time, as it would lead, in practise, to the extmction of 
the species 


* To be more precise, the computation was performed by the aid of another scries 
derived from (4) By (4) and Tablo I we have 

^ - 41 36 - 1312r + a»60r« - 630300r> + 7 9 X lOV* - 9 09 X lOV* + 1 08 N 

Om 

10V«- 
Thu gives 

6m - 0 02418 + 0 7873r + 6 823r> - 29 32r« - 661 3r< - 
When r - 0, 6 ■ 6o - dt " 0 02418 Putting A *■ 6 — 6* and reverting the 
senes by the method given by Prof J McMahon (Bull Am Math Soo, Apnl 
1894, p 170, see also C E Van Orstrand, Phil Mag , March, 1010, p 366) we have 
f - 1 3033A - 16 lOA* + 434 0A» - 12600A* + 20500A* - 
and finally, since r * (6 — d), 

d - 002418 - 03033A + 16 lOA* - 434 6A* + 126006^ - 266000A*+ 

The actual computation was carried out by means of this last senes The rapidity 
of the convergence of the senes above u indicated by the number of terms given, 
which IS each case represents an accuracy of four significant figures in the result, 
when r has a value of about 0 01400 
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CHEMISTRY —The determination o/ phosphorus in steds eon- 
taming vanadium. J. R Cain and F H. Tuttlb. To 
appear as a Technologic Paper of the Bureau of Standards. 
Communicated by W. F Hillebrand 

In order to precipitate phosphorus quantitatively as phospho- 
molybdate from steels containing vanadium, it is necessary to 
reduce the latter to the quadrivalent state, otherwise precipitation 
18 mcomplete and there is contanunation of the phosphomolybdate 
by vanadium In the present method ferrous sulphate m slight 
excess is used as the reducing agent and the following conditions 
should be observed: (1) The temperature of precipitation should 
be held at a point (16° to 20°) where the mtnc acid does not 
oxidize the excess of ferrous salt or the reduced vanadium before 
complete precipitation of phosphorus takes place, (2) the partial 
neutralization with ammonia, frequently used when phosphorus 
18 precipitated as phosphomolybdate, must be made before reduc¬ 
tion of the vanadic acid, otherwise the heat of neutralization 
causes the oxidation of most of the ferrous iron and reduced 
vanadium by the mtnc acid (3) care must be taken to prevent 
the action of oxides of mtrogen, formed by mteraction of ferrous 
salt and mtnc acid, on the reduced vanadium smee these sub¬ 
stances seem to catalyze the oxidation of the vanadyl salt and 
may in some cases completely prevent precipitation of phosphorus, 
owing to the large amoimt of vanadic acid produced, (4) efficient 
means for shaking or agitation of the solutions m which precipi- 
. tation IS to take place must be provided 

MINERALOGY —The rejractive indicea of strengite Waldb- 

MAR T. ScHALLER, Geological Survey. 

The only published values for the refractive indices of strengite, 
FeiOt.PtOi.^iO, which I have been able to find are those given 
by Schroeder van dSr Kolk,' namely 1.81 + 0 03, Lacroix* has 
stated them m the form a « 1 81, v *• 1 84 Determination 
of these values for a manganese strengite from Califorma* gave 

^Tabellen Mikrosk Bcitiimnung d Mineralien, p 54, 1006 

■Mineralogie de la France 4: 475, 1010 
•>Tlu 0 Journal S. 145, 1012 
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the values a ■ 1 70-1 71, -y - 1 72-1 73 Lacroix* deter¬ 
mined the mean mdex of similar matmal (called angelardite by 
him), as approximately 1 70 It therefore seemed necessary to 
redetermme the refractive mdic^ of typical strengite m order to 
bnng the conflicting determmations in acccnd 
Professor Ledroit of Mainz very kmdly presented me with 
several specimens of the mmeral from the Eleonore mme on tl| 
Dunsberg, near Giessen The strengite forms small spherulitM 
associated with beraumte (eleononte) cacoxemte, etc Crushed 
fragments of these spheruhtcs were used for detenmmng the 
minimum and maximum refractive indices The oil immersion 
method was used and the values obtained are 

a (normal elongation of fibers) » 1 71 
y (parallel elongation of fibers) » 1 735 
(r - a) = 0025 

The values given by Schroeder van der Kolk are therefore wrong 
and it seems probable that his figure 181 was miscopied for 1 71 


*Mu)endogie d«Ja Franoe 4 528, 1010 
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Authon of Muntiflo papon are reqiMated to aeo that abatraeta, preferably 
prepared and aigned by themaelvea, are forwarded promptly to the edltoie Eaoh 
of the soienttflo bureaua in Waahington haa a repreaentative authonaed to for¬ 
ward auoh material to thia journal and abatraeta of olBolal publioationa ahould 
be tranamltted through the repreaentative of the bureau In which they originate 
The abetraota ahould conform in length and general atyle to thoee appealing in 
thisiaaue 

METALIXXjRAPHY — MetaUograpkie teahmg Bureau of Standards 

Circular No. 42, 1913 (m press) 

The circular considers metallography in its wider sense and does not 
reatnct it to the microscopcal t^ysis alone Thermal analysu, 
together with the correlation of physimd properties with microsoopical 
structure, thus find their place here 

The different methods of thermal analysis are briefly reviewed and 
compared. The importance that is attached to the metallographic 
method m the iron and steel mdustry is illustrated by a partial list of 
the more common applications in that field 

The testa that the Bureau of Standards is equipped at present for 
carrying out are 

1 Thermal Cooling and heating curves, melting pomts, heat treat* 
ment of alloys as specified 

2. Mtcroaeopteal Preparation of specimens and photomicrographs 
of specified magnification up to 1000 diameters (higher magnification 
by special arrangement), microscopical examination after special heat 
treatment 

3. Mtaedlaneoua. Examination of metals after failure for evidence of 

the cause of failure, determination of various physical constants of 
metals and their temperature coefficients. H S Rawdon. 

• 

BIOLOGICAL CHEMISTRY — A htoehanuedl study o/ (he eurlydop of 
sugar best H H. BuNzat, U. S. Department of Agriculture, 
BureaiAof Plant Industry, Bulletin 277 1913. 

Oxidase ffeterminations were made on healthy and diseased sugar 
beets growing under different conditions at Utah in the summer of 1911 
The experiments were earned out on the roots, leaves, and other parts 
gf the plants separately, according to the method desmbed in Bulletin 

251 
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238 of the Bureau of Plant Industry The determinations show that 
the oxidase content of the leaves is abnormally high wherever the growth 
of the plants has been retarded, whether such retardation of growth is 
due to the curIy*top disease, to excessive watering, to drought, or to 
unknown abnormal conditions of plant growth Studies made on the 
distribution of the oxidases of different parts of the plant show that the 
seeds are highest in oxidase content, the leaves follow, the roots ore almost 
as active as the leaves, while the steins show a lesser activity. 

Determinations of moisture, total nitrogen, ash, and sugar m the aloo- 
bol-Boluble and alcohol-insoluble fractions of the roots and leaves sho^ 
no differences between the healthy and diseased material. It is sugges¬ 
ted that indications pomt toward the diseased plants being in a state 
analagous to ''fever” H. U, B 

BIOLOGICAL CHEMISTRY—Biochemical factara in soils MX 
SuiiTjVAN Bureau of Soils Eighth International Congress of 
Apphed Chemistry, 16. 305. 1912. 

The soil posseshins oxidizing and catalyzmg powers which are stronger 
m the more pro<luctive soils and are more manifest m soils than m 
subsoils There are evidences of enzyme action m soils but as yet no 
good method bos been obtamed for extracting enzymes from soil 
Many of the substances found m soil undoubtedly arise to a consider¬ 
able degree as a result of the metabolism of microorganisms In mold 
cultures have been found fatty acids, especially olcio and palmitic, 
purme bases, such as guanme, adenme and hypoxathine, histidme and 
probably thynune In the solution m which molds have grown were 
found fatty bodies, guanine, adenme, hypoxathme, histidme, and prob¬ 
ably thynune M X S 

AGRICULTURAL CHEMISTRY — Normal and abnormal eonahtu^ 
enis of soil organic maUer E. C Lathrop Eighth International 
Congress of Applied Chemistry, 15, 147-151 1912 

Pentosans, pentose sugars,*,histidme, xonthme, hypoxanthme, cyto- 
sme and possibly creatmme may be considered to be normal soil con¬ 
stituents. Argmuie and ademne on account of their infrequent occur¬ 
rence and their rapid difi^qipearance, and dihydroxysteam acid and 
picohne oarboxybo acid on account of their detrimental aouon on plant 
growth, and the striking relation of the former to mfertihly, must be 
classed as abnormal soil constituents Regarding agrocerio acid, lig- 
nooenc aoid, parafiinio acid, and amono-hydraxysteano acid, agroerterol 
and hentnaoontane no statement is warranted E C. L. 
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AQIUCULTURAL CHEIMISTRY .—Effect of hvUidtne and argimne as 
8otl eonstduenta J. J Skinnsb Elighth International Congress of 
Applied Chemistry, 15 263 1912 

In this article attention is directed to the ocmirrcnce and distribution 
of histidme and nrgmme m soils The effect of each on plant growth 
was tested m nutrient culture solution and both were found to lie bene¬ 
ficial Plants growing in culture solutions containing only potash and 
phosphate showed greatly mcreased growth when histidme or arginme 
is added. When large amounts of nitrate are present in the culture 
solution, histidme and arginme produce no appreciable effect on the 
growth Plants growing in cultures, whether high or low m nitrate, 
showed a greatly diminished absorption of nitrate whim histidme or 
argmme was present, whereas the removal of potash and phosphate 
was practically normal It appears, therefore, that histidme and urgi- 
nme, hke creatinme, creatme, asparagme, and a number of other mtro- 
genous compounds can replace the effect of nitrate m produemg plant 
growth. J J B 

AGRICULTURAL CHEMISTRY —Qnamne from a healed mil E C 
Lathbof Journal of the American Chemical Society, 34 1260 
1912 

In the course of an investigation on the chemical changes m soil 
orgamc matter brought about by heatmg soil m on antoclavo for three 
hours at 30 pounds pressure, guanme was isolated and identified The 
guanme was not found m the unheated soil and arises from the breaking 
down by heat of higher forms of nitrogenous material, probably nucleic 
acid E C. L 

AGRICULTURAL CHEMISTRY —Injlwenoe of phoephale on the toxic 
action of cumann J J Bkikneb Botamcal Gasettc, 64 246 
1912 

The toxic action of cumann to wheat seedlings, and the action of 
phosphates m amehoratmg the toxicity, was studied by growing the 
plants m nutnent culture solutions It was found that calcium acid 
phosphate, mono-sodium phosphate, di-sodium phosphate and tn-sodium 
phosphate, a sunilar effect in overcoming the harmful effect of 
the cumann. Calcium and sodium phosphate, the latter under dif¬ 
ferent conditions, acid, neutral and alkalme, had the same effect The 
effect of the phosphate salts m amehoratmg the harmful action of cu- 
marin is due, therefore, to the phosphate radical, and not to the calcium 
or sodium or to an acid or alkaline condition. J J S. 
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AQRICULTURAL CHEMISTRY.— Ctty atreet moeepmga aa afarttbaar. 
J. J Skihner and J. H. Bbaitiii. Ciroular of the Bureau of soile, 
No. 66. 1912 

Several samples of street sweepings frmn one of the large oitiee ware 
analysed and found to contam slightly less phosphate, mtrate and potadi 
than the average stable manure The effect of the sweepings on growth 
was tested, by growing com, wheat and cabbage In pan^BBned wire pats. 
The street sweepings produced moreased growth, but were not as effec¬ 
tive as stable manure The sweepings were analysed for mineral oil 
and some of the samples contained as much as 2 per cent. He oil 
isolated from the sweepmgs was tested and found to be harmful to 
growth After the oil hod been extracted, the street sweepmgs were 
as efficient m producing growth aa stable manure J. J S. 

AGRICULTURAL CHEMISTRY.— Laum aoila and latona. Oswald 
Schreiner, J J. Skinner, L. C Corbett and F L Multord. 
Farmers’BuUetm, U S Department of Agriculture, No. 494 1912. 

In this bulletm is presented the character of soils m respect to their 
suitabihty for lawn making. The texture of soils as related to lawns 
IS emphasised The soils suitable for the building of lawns, parks, 
parked embankments, terraces, etc , receive special conBideration; also 
the best methods for building up artificial grounds by the haulmg m 
of such suitable soil material, both for subsoil fillings and for surface 
layermg, A list of soil types well adapted to grass growing is moluded. 

The establishment, fertihsation and maintenanoe of lawns are con¬ 
sidered and suggestions given as to the selection of seeds adapted to 
lawn making A chapter on the relation of walks, drives, trees and 
shrubs t9 the lawn is mcluded J J S. 

AGRICULTURAL CHEMISTRY.—Ben^fictol ^act cf ereakntna and 
creakne on growth J J Skinner Botanical Gasette, 64 162. 
1912 

Creatmme and creatme are both beneficial to plant growth Plants 
gruwmg in culture solutions containing only potash and phosphate 
show mcreased growth when ereatmino or creatme is added. When 
large amounts of nitrates are present m the solution, creatinine and 
creatme produce no appreciable effect on the growth In the presence 
of these compounds the plants absorb less nitrate, while the absorption 
of potash and phosphate is normal. It appears that ^iH^tinme and 
creatme can replace nitrate m solution cultures J J. S'. 
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AGRICULTURAL CHEMISTRY .—Effect of aaparagtn on dbaorpUon 
and groudh in wheat J J Skinner and J H. Beattie. BuUetm 
Torrey Botanical Club, 39 429 1012 

Wheat eeedlingB were grown in nutrient solutions of phosphate, pot¬ 
ash, and nitrate in var}ruig proportions and to these were added 60 p p.ni. 
of asparagin Asparagine had a beneficial effect on plant growth 
When large amounts of nitrate were present m the culture solutions 
asparagm produced no appreciable effect on growth The plants ab¬ 
sorbed lees nitrate from the culture solution while the phosphate and 
potash absorption was normal While the effect of the asparagm on 
plant growth decreased with increasing mtratc, it had nevertheless a 
conserving effect upon the amount of nitrate left m the solution It 
appears therefore that the plant can utilise this mtrogenous compound 
for plant synthesis J J S 

AGRICULTURAL CHEMISTRY—JIfanffanese 08 0 /erhltier. MX 
SuUiivAN and W. O Robinson Circular of the Bureau of Soils, 
No. 76. 1912. 

In this circular it is pomted out that fertilising with manganese has 
led to varying results. The general conclusion is drawn that m view 
of the complexify of the soil and the discrepanoy that has been found m 
the use of manganese fertilisers, manganese cannot be recommended 
in any way other than m experunentation and as a fertiliser comple¬ 
mentary to the usual chemical fertilisers, nitrate, phosphonc acid, potash 
and lime M X. S 

AGRICULTURAL CHEMISTRY.—Studtes tn aoU caUdyne M X. 
Sullivan and F. R. Reid BuUetm of the Bureau of Soils, No 
86. 1912 

Soils possess the power to decompose hydrogen peroxido This power 
IS greater m soil than m subsoils, m strong vital soils than m weak soils. 
It persists for years in air-dried soils 
Tho good production is not dependent on the catalytic power, 
the presence of a strong catalytic power m a soil can be taken as a 
ffnon evidence that the many factors makmg for sod fertihty would 
be promment and that the sod would be a productive Sod The cataly 
tic power is checked to some degree by carbon bisulphide, mercuric 
chloride and especially by hydrocjranic acid, which m some cases prac¬ 
tically destroys it. Heating in an autoclave under pressure of 10 at- 
mo^heres reWds the catalytic power, tho dry heat for one hour at 
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105" has little depresamg action Votiouh inorganic sutetances and 
Hcveral organic compounds, especially those m a state of partial oxida¬ 
tion, have the power of dei^mposing hydrogen peroxide, while several 
organic compounds increase the catalytic power of manganese dioxide 

In general the catalytic power of soils seems to be due not to an en¬ 
zyme, such as catalase, but rather to the morgomc and organic matter 
working separately, conjointly, or in activating combination 

M X S 

AGRICULTURAL CHEMISTRY —Some organic sod constUuente E 
C Shorrt BuUctm of the Bureau of Soils, No 88 1912 

Tlie isolation of 15 organic compounds is described, 14 of which have 
been identified These together with those previously isolated and 
desenbed make 35 organic compounds isolated from soils The sub¬ 
stances here desenbed belong to six classes of organic oompioundfi, 
three of which, aldehydes, organic sulfur, and organic phosphorus com¬ 
pounds are classes not represented among those isolated and desenbed 
before 

The compounds isolated have been classified as follows 13 organic 
aiMcls, 0 organic bases, 3 sugars, 2 aldehydes, 2 alcohols, and 1 each, 
hydrocarlion, glycende, resin ester, sulfur compound, phosphorus com¬ 
pound and an acid onhydnde The relationship between these groups 
as well as that iMween the isolated compoimds and the orgamo matter 
m general is discussed The compoimds isolated and desenbed here 
are oxahe acid, succmio acid, saochanc acid, acrylic acid, lyame, aden¬ 
ine, choline, trimethylamme, salicyho aldehyde, mannite, rhamnoee, 
tnthiobenzaldehyde, nucleic acid, of unknown constitution, and on 
unidentified aldehyde 

The conclusion is reached that the work, like that previously reported, 
while it emphasizes the eompiex character of the organic matter of soils, 
bears out the contention that this complexity is not so great but that 
the chemical nature of all of the organic matter of soils can bo deter- 
mmed by modem methods of research M X Sullivan 

AGRICULTURAL CHEMISTRY —The chemietry of steamrheaied eatle. 
Oswald Schreiner and Elbert C Lathrop. Bulletin of the 
Bureau of Soils, No 89 1912 

This bulletin deals with the chemical changes mvolved when sods 
are steam heated, as in the process of stenhzation The results may 
be aummanzed as follows (1) In accord with the work of other m^ee- 
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tigatoni it was found that thnre was an moreaso m water-soluble con¬ 
stituents and an increase m acidity At the same tune am monia and 
amines were formed (2) By the process of heating there were formed 
xantbme, hypoxanthme, guanme, cytosme, and arginii^, when not 
previously existmg These ctanpounds are decompontion products of 
nucleic acid and protem material and are all beneficial to plant growth 
(3) Guanme is reported for the first time as a constituent of soil organic 
matter (4) Dihydroxystearic acid was mcreasod when present, and 
produced, when not prcYiously present, by the heating process This 
compound is harmful to plant growth (6) Both lioneficial and harm¬ 
ful compounds were produced by heating the soils and were isolated 
This bears out the experience of previous mvestigators with cultural 
tests (6) Cultural tests m t^ese soils and their extracts showed that 
the heated soils gave a poorer plant growth (7) Although the majonty 
of compounds formed must be classed as beneficial, the harmful com¬ 
pound formed at the same tunc more than overbalances their effects 
Not until this harmful compound is eliminated or dunuushed can the 
full beneficial effects of heating be demonstrated (8) In soils there 
18 a balance of beneficial and harmful factors, soil fertility or infertihty 
being the resultant of the two groups As one or the other group of 
factors gams the ascmidency, the fertility is raised or lowered, as the 
case may be This balance is mfluenced by cultural treatment, fer¬ 
tilisers, liming, crop growth, or crop rotation, etc , as well as by steam¬ 
ing (9) The results show that fdtho the soils studied have received 
the same kmd of organic matter and have received the same form treat¬ 
ment, they have been subject to different biochemical factors, result¬ 
ing m differences m their orgamc matter and m differences m their 
fertihty. E C L 

INDUSTRIAL CHEMISTRY — The effect of cerlatn pigments on Un¬ 
seed oil unth a note on manganese' content of raw Itnseed od E W. 
Bouqhton Circular of the Bureau of Chemistry No 111 1913 

Raw linseed oil was mixed with different pigments so that the pamt 
thus prepared had a consistency similar to that of ordinary mixed pamt, 
ready for use The oontamers were air tight and the paints were kept 
for two years. Samples of the oil from each pamt were withdrawn at 
the end of one and of two years, and the <|^stante thereof determined. 
The raw oil had a specific gravity of 0.934 (16 6/16/6®C) The great¬ 
est morease (to 0.940) was caused by white lead.(basic carbonate) 
Flake graphite, smo oxide and smo chromate had no appreciable effect 
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The iodine number of the raw oil was 1790. The greatest decrease 
(to 171.6) was caused by kaobn Flake graphite, artificial graphite, 
nno chromate, xino oxide, and chronuum cmde had practically no 
effect, and fa^o carbonate of lead, Indian red, magnetic black, and 
lead chromate had but a vary slight effect. The percentage of aah m 
the raw oil (0 13 per cent) was raised to 0 40 per cent by the basic car¬ 
bonate of lead. The mcreases due to the other pigments were but 
shght Basic carbonate of lead, kaohn, and lead chromate bleached the 
oil The results as a whole show surprisingly small changes due to the 
pigments At the end of two years the results obtained were prao- 
tically the same as those obtained at the end of one yeu* In no case 
was the lodme number lowered to a figure below that given by pure 
raw oil from South American seed (171) The percentage of manganese 
m sixteen samples of raw linseed oil of known punty and source vaned 
from a famt trace (less than 0.0002 per cent) to 0 0008 per cent 

E W.B 

GEOLOGY —The Eagle Btver region, eofutheaulem Alaska Adolf 
Knopf Bulletm U. S Geological Survey No. 502 Pp 61, with 
maps, aecUoDs, and illustrations 1012 
The Ea(^e River region, meludes the northern portion of the Juneau 
gold belt, extending northwestward from Salmon Creek, near Juneau, 
to Berners Bay. Ibis strip of territory is 82 miles long and embraces 
approximately a third of the entire length of the gold belt. 

The rocks are arranged m belts that strike parallel to the general 
trend of the gold belt and dip steeply northeast The general parallelism 
of stratification, cleavage, ^istoeity, gneissic foliation, dike^ and ore 
bodies 18 the sahent geologic feature of the region * 

The larger part of the gold belt is underlam by an mterstratified series 
of slates and graywackes, with some oonj^omerates. This assemblage of 
sedimentary rocks, together with tnteroalated maasea of volcamc rocks, 
has been named the Berners formation. Fossil plants, oonristing chiefly 
of ferns, mdicate that it is of Jurassio or Lower Cretaceous age. 

The volcanic rooks, associated with the slates and graywackes consist 
of lavas, flow breccias, tuffs and coarse breccias, oon^omerates, and 
various kinds of mixed rooks The clastio material far exceeds the mas¬ 
sive rock in bulk. The lavaure in many places extremely amygdaloidal 
and locally display a stnkin^^psoidal structure. They are character¬ 
ised by the widespread prevaleiioe of numerous wellAormed and well- 
preserved phenoorysts of augjte embedded m a deose^Crained matrix of 
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dark blue-green color, and to ugnalise this feature they are termed augito 
melaphyree. 

Toward the northeast the slates and graywaokos pass gradually into 
phyllites and schists, which become progrossivrly more and more crystal¬ 
line toward the diorite gneiss that forma the northeast boundary of the 
gold belt The schists where they adjom the gneiss ore gametiferous, 
staurobtic, oyonitio, and coarsely biotitio. 

The gneiss on the northeast, which in local usage is known as the 
granite hanging wall of the Juneau gold belt, is the crushed and foliated 
margin of the great mtrusive quarts diorite core of the Coast Range 
The gneisBio structure is beet developed near the contact with the schist 
and fades out northeastward mto the ordinary structure of normal 
gramtic rocks. It is essentially a cataclastic effect which was produced 
by the crushing of the component mmerals of the quartz dionte, and 
which was impressed on the dionte soon after the dionte had consoli- 
datod from fusion In fact, a penod of dsmanuc deformatibn set in dur¬ 
ing the p^matitio stage, for some of the pegmatite and aphte dikes are 
sheared like the gneiss, but others have escaped the general dynamic 
metamorphism The sedimentary rocks adjoining the gneiss have re- 
crystalhsed mto schists, whose orystallmity, as already stated, diminishes 
gradually from the contact. The region thus affords a remarkably 
fine illustration of a belt of highly crystalhne schists formed as an effect 
of the heat and pressure accompanying a great batholithic mtrusion of 
late Mesozoic age 

The ore bodies are exclusively gold deposits The great majority 
are stringer lodes, but mclude some mmerahsed dikes and a few fissure 
veins Except for sporadic sheets of rich ore, the stringer lodes are of 
low grade They range m width from a few feet to 100 feet, and appar¬ 
ently at a few prospects, to 300 to 400 feet The greatest depth attained 
by mining anywhere in the district does not exceed 200 feet 

Some of the mineralized dikes are of economic importance, all are of 
considerable mterest because the profound alteration which they have 
undergone throws light on the character of the solutions that brought m 
the gold. A common change consisted m a large introduction of soda 
and the formation of albite, and this albitisation is hero shown to be a 
regional feature of the Juneau gold belt Other changes consisted m the 
mtroduction of apatite mto the altered waU rooks and the conversion of 
amphibole mto biotite. From these and other features the vem-forming 
waters are beheved to have been hot, ascending solutions of deep-seated 
ongm, probably connected with the mtrusion of the dionte magma 

A K 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCmTIES 

THE CHEMICAL SOCIETY 
(Local Section of the Ahebican Chemical Socibtt) 

The 222d meeting was held on January 31 1013 at the Chamber of 
Commerce Kefaulutions upon the death of Prof J W Mallet prepared 
by Pjpfcseor Dunnington of the University of Virginia were adopts by 
a rising vote 1 he following papers were read all contributed by mem 
bers of the Bureau of Soils 

Problems in sml fertility Oswald Schbbineb The essential prob 
Ir m in soil study is that of infertility I lebig s theory of impoverishment 
m chemical constituents as a cause of infertility was only tcmporanly 
useful and chemical analyus proved inadequate in predicting f< rtility 
Soil extracts were then found to reflect very closely the degree of fertility 
of soils but this fertihty did not depend upon the inorgamc substances 
m solution i inally the cause of infertility was traced to orginic poisons 
m soils Along with this change m the pomt of attack have come great 
changes m the laboratory eqmpment necessary for soil mvestigations 

Rerent work on the chemical composition of humus E C Shorly 
The organic matter extracted from a soil is separable mto two fractions 
l<rora the portion of the orgamc matter soluble in 2 per cent sodium 
hydroxide about 33 pure organic compounds have been isolated of ‘ 
which 11 are mtrogenous 14 of these compounds are acids and 10 bases 
The portion precipitated by acids contains complex resins and other 
substances not yet separated iho author described 3 new compounds 
recently separated (1) mota-oxytoluic acid of which 3 grams were 
obtam^ from 50 pounds of soil (2) vanillin in very small quantity (3) 
tetra carbonimide perha^M an intermediate compound in the ^dation 
of uric acid to urea 

7 he trigin of certain organic soil constituents M X Suluvan Cer 
tain molds found in soils were separated m cultures grown in consider 
able quantities on Hankmo s solution and studied chemically Fatty 
acids (such as oleic stearic and palmitic) xanthin hypoxanthine man 
nite thyunne pentose sugar and vanous other compounds were ob¬ 
tained from these molds Punn bases and fatty acids were also found 
in the solution in which the molds were grown The metabolism of molds 
and bacteria is an unportant source of the compounds found m humus 
Certam compounds come from the dismtegration of plant debns 

Discussion In reply to inquiries Dr bulhvan stated t^t the rehiF 
tion between the quantity of the compounds described and tEe quantity 
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of food in tho culture solution was not determinable, he considered that 
the abundance and variety of organic food m a sod rendered the results 
entirely independent of any consideration of the composition of the cub 
ture solution The molds were grown in the absence of hght. 

The physiologxcal action of certain organic eoH eorutUuenig J. J. 
Skinner. Experiments were made on the effect of sahi^lic aldehyde, 
an organic soil constituent, upon the growth of wheat seedhngs Very 
dilute solutions reduced the growth markedly, or killed the plants '^e 
effect is not neutr^ised by phosphates, nitrates, or potassium com¬ 
pounds Tho metabolism of the plants is greatly retarded Nucleic 
acid was foimd beneficial, the more so, the less nitrate was present The 
compounds identified m soils have been classified into harmful and bene¬ 
ficial (luamdin, pioohno-earboxyho acid, vanilhn, and dihydroxy- 
ateanc acid are harmful, while nucleic acid, histidine, argimne, creatine, 
creatinine, etc, are beneficial , 

Discussion by Schreiner, Cook, Himt, Wells, Seidell, Waters, Cameron, 
Sullivan, and others The principal points brought out were The bene¬ 
ficial compounds seem to lie abrorbcil unoxidized Salicybc aldehyde 
was first found in soil from a rose garden at Mt Vernon,'where the soil 
was becoming unsatisfactory The barmfulneas of a compound can not 
be predicted from its composition or constitution The experimental 
solutions all contain oxygen in solution Lime and means for promoting 
oxidation act as a rem^y for dihydroxysteanc acid I^medies for 
other poisons have not been worked out The active poison in a given 
soil cannot bo told from the appearance of plants grown in it Floccu¬ 
lation of the soil, better drainage and promotion of oxidizing bacteria 
all aid m the oxidation of (lihydroxyateanc acid 

Chemical changes in heated 'lOiU E C Lathrop A fertile and infer¬ 
tile soil irom the same locality were compared as to the effects produced 
by heating under 30 pounds steam pressure (136®) The water soluble 
constituents were increased Beneficial compounds wore formed, but 
the production of harmful constituents and the destruction of useful bac¬ 
teria more than offset their effect. The net result was a decrease of 
fertility in tho fertile soil Dihydroxysteanc acid was found lieforo 
heating in the infertile soil, and after heating in both soils 

DM|||uon by Schreiner, Sullivan, Sosman, and ('ameron 

Th^B^ meeting wets held at the C'osraos Club February 13,1913 
The following papers wore read 

Testa for Mnnthe E. K NeuiON, of tho Divimon of Drugs, Bureau 
of Chemistry The various modifications of Legal’s test for the detec¬ 
tion of absmthe were found to give uncertain re^ts in cases where the 
oil of wormwood was proportionately small in amount By conversion 
of the ketones, including thujone from wormwood, mto senu-carbasones, 
they can be freed by steam mstUlation from essential oils, such as anise, 
cloves, etc. The semi-oarbazoncs are then decomposed with dilute acid, 
the ketones recovered, and Legal’s test applied to the material thus puri¬ 
fied. In presence of thujone the test is not only more delicate but the 
characteristic thujone odor can be detected. (Author's abstract) 
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DiHU8sum* Panons inquired concerning the sharpness of legal defi-* 
mtion necessary under the present law against absinthe. The author 
did not have exact data to furnish on this point 
The analysts of certotn Poc^ coast fcslps* E H Parker and J. R. 
Lindebcoth, of the Bureau of Soils. Read by Mr, Parker. Specimens 
of the two most important kelps of the Pacific coast from an economic 
standpomt, as found by previous investigators, were collected from differ¬ 
ent pomts ^ong the coast and analysed for potash, soluble salts, nitrogen 
and iodine l%e conclusions are: (1) the average KCl content is high, 
(2) Apparentlv no defimte relation exists between the different constitu¬ 
ents of kelp, (3) The average KCl content of the NereocysHa lueikeana 
18 greater than that of the Maerocyaha pynfera this is true for kelp 
from different looahties In each amf^e case, also, the KCl content of 
the Nereocystis is greater than the average of the Macrooystia; (4) 
Appa|fintly the northern kelps are richer m KCl than the southern; 
(5) the iodine content of northern and southern kelps show no conclusive 
differences 

Tablr or Avxbaowi 
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lOD 

N 


% 

% 
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Fmhwater Bay, WaahingtoD 

‘ 27 03 , 


2 14 

(Macrooystia) 
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(Nereocystis) 
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Coast betwoen Txia Angeles and Bun rrancisco 

23 8i ' 
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(Macrocystis} 

19 20 1 



(Nereocystis) 

31 74 



Coast near Diego 

10 34 1 


1 11 

Total average 

' 21 85 1 

0 20 

1 93 

(Maerooystis) 

15 82 



(Nereocystis) 

30 00 



Average of all analyses of Pacific Coast kelps 

25 10 




(Author’s abstract) 

Dutcuaaion In reply to mquiry, the author stated that the 
formed about 3 per cent of too dry plant 

The influence of fnmronment upon the compoeUum of whetU J A. 
LRCLBBcandP A Yoder of the Laboratory of Plant Ghemistiy,Burwu 
of Chemistry Read by Dr. Yoder. The composition and physical 
properties of wheats have been shown by the Bureau of Chemist to be 
dependent upon climate rather than upon heredity The present mves- 
tigation studied the effect of soils m comparison with climate, by mter- 
change of blocks of soil, 5 feet equare and 3 feet (teep, between Mary* 
land, Kansas, and California llie expenments have continued thru 
four years The sue of gram as well as other physical properties seem 
to depend chiefly upon the locahty and very little on the soil. Reeulte 
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oa protein content are suniJar but there u a possible first-year effect of 
the soil, Ghadin number was very nearly the same m all Other orgamc 
constituents varied irregularly A more marked effect of soil is to be 
expected in the mors^ic constituents^ but the reverse seems to be 
true even in this case, for some constituents the effect of locality predomi¬ 
nates, for others the data are uniform for all the samples The effect on 
yield was not considered 

Discussion M X. Sullivan pointed out that variod treatment of 
the same soil in neighboring fields may cause wide variationa m results 
He further emphasised that a soil is like a living organism, and when 
transferred from one locality to another will itself change radically. 
Soil cannot therefore be considered a constant factor m comparative 
experiments such as these Berger suggested that transfusion from the 
surrounding soil might rapidly cdTect the small blockh which were trans* 
ferred, smee thhy were not cut off entirely from surrounding koiI. Cam¬ 
eron suggested that it is really the subsoil below 3 feet that contributes 
the soil solutions that feed the plant, and that this is the true explana¬ 
tion of the results obtained L^lerc stated that the variations found in 
compohition arc much larger between localities than are ever found 
between differently treated samples of soil m a given locality Franklin 
and Waters adduci^ other examples of the effect of environment as pre¬ 
vailing markedly over heredity Yoder and Sullivan came to essential 
agreement that these expenmenth do not show how climate exerts its 
influence, and that the possibility is not excluded that the climate may 
react upon the soil m a way to influence the characteristics of the crop, 
thus exerting its effect m a measure thru the soil Soaman, Cook, Tas- 
ain, and others also discussed the paper 

Hydrogenalton wiOi colloidal palladium as catalyzer A R Albright, 
of the Division of Foods, Bureau of Chemistry The great advantage of 
the palladium hydrogenation method lies m the low tem|)erature and 
simple apparatus necessary It has been found possible to attach hydro¬ 
gen to double bonds which have usually lieen rather inaccessible to educ¬ 
tion Many detailed examples were quoted of these reductions, which 
it is not possible to discuss m abstract 

The rate of cooling in the green and its influence on the phyt^ical properties 
of anne^d metals Wirt Tassin It has been assumed widely that the 
properties of metal depend upon heat treatment (annealing) and its 
coni^uent changes in structure, rather than upon the conations of 
casting Hence the present widespread use of microscopic examination 
of specimens as a check upon pro[^rties The author showed illustra- 
tions of a photomicrograpnio apparatus which he has developed for the 
examination of the casting itself As a concrete example of its use, he 
showed numerous photomicrographs illustrating the effect of different 
rates of cooling ‘*in the green," (i e, m the casting fresh from the mold) 
both upon theimtial properties of iron and steel castings, and upon their 
properties after the usid processes of anneahng The rate of cooling 
of tne castiiu was shown to be a very important factor m the ultimate 
properUea of the metal 

Robert B, Sosuan, Secretary 
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THE BOTANICAL SOCIETY OF WASHINGTON 

The 86th regular meetmg was held at the Cosmos Club, February 
4,1913 

The following were elected to membership. PPof R Kent Beattie, 
Dr Charles Brooks, Mr J Q Qrossenbacher and Dr. Neil E. Sevens 
The following program was presented Mb T H Keabnbt' MKootor 
value of TuUural vegetation in the Tooele VaUey, Utah The Tooell^alley 
lies between the Oquirrh and Stansbury ranges and extends to the 
south shore of Great Salt Lake It was found t&t the valley is occupied 
by Home half dozen principal plant associations, each of which is chuac- 
tenzed by the presence of one, or, at most, two dominant species of 
shrubs or perennial herbs The presence of one or another association 
was found to be closely indicative of the moisture relations and salt 
content of the soil The areas occupied by the difTcrent^associations are 
often so sharply defin^ as to be recognizable at a distance of several miles 
The presence of a good stand and growth of sage brush {Artenaeia 
tndentaia) is always associated with a soil of rather light texture, very 
dry during the summer months, free from alkali salts, and with a low 
Water table This Artenusia association occupies miunly the higher 
lands of the Valley Descending the valley toward the shore of Great 
Salt Lake, successive zones are traversed which are occupied by the 
following associations' (2) Kochta vestiia, (3) Atnplex conferbfoha 
fShadsede), (4) Ainpl^ eonfertifoUa and Sarechatus vermeiuatiue 
^reasewow), (5) AUenroffea ocadentahe, (0) Dtdichhe epicata (Salt 
Grass) and two species of Salicomia 
Where associations 2 and 3 occur the soil is very dry during the sum¬ 
mer, but has a higher moisture capacity than m the Artemisia association 
and the sub-soil is strongly saline Under association 4 the soil becomes 
saline to the surface and the ground water table is relatively high. 
Associations 6 and 6 occupy the wet and highly sahne soils near the 
level of the water surface of the lake and are interrupted by bare ex¬ 
panses covered with a crust of salts (chiefly sodium cldoride) 

The suitability for crop production of the different types of land m 
this valley can be predicted with much confidence from the character 
of the native growth 

, Mr Habrt B Shaw; The control of seed vroduction in beete Prac¬ 
tically all sugar-beets need used m the United States is im]Mrted Suc- 
cessfm attempts have been made m Utah, Idaho and Washington States 
to produce sugar beet seed, but in other regions such attempts have not 
been very successful, inasmuch as many of the plants have failed to 
mature s^ Observations were made to ascertam ^c cause of this 
In order to make the subject readily comprehensible attention was 
mvited to the surprising responsiveness of the beet to environment 
In these varied manifestations was sought a common factor, or group 
of factors, which acting at a critical period m the life of the plant, 
might be found to control the manner of its development Experi¬ 
ments were earned on in Utah during 1912 to determine, if possible, the 
nature of the conditions responsible for the variations mentioned. 
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It waa discovered that the condition absolutely necessary for the 
perfect development of the reproductive paits is a period of restrained 
growth in the bud redunents of seedling, or the buds m tlie crown of 
so-called mother beets While m gener^ this condition is brought 
about by low temperatures (a mean temperature of 38 to 45'’F. appar- 
entlv being requi^ for the sugar beet) when prevailing for several 
weeu, the necosaiy degree of growth inhibition may be brought about 
^ other factors, such as patholomcal conditions, drouth, starvation 
l^e withdrawal of such a penod of inhibited metabolism, according to 
degree, will result in the greater or less degree of approach to folia^ 
conditions, as opposed to riie devdopment of reproductive parts 

Thus, by a study of clunatic conditions, suitable locations where the 
production of seed may be assured, can be selected with a considerable 
degree of certamty The proper tune to plant the mother-beets can 
alw be indicated, so that we may be reasonably certain that the beets 
will produce seed 

T^s necessity for a period of inhibited metabolism, and the fact that 
it may be brought about by the conditions mentioned, may explain 
the remarkable inflorescence of moribund fruit trees, or of trees that 
have been girdled, also the abnormal behavior of plamts carried from a 
cool to a warm chmatc 

The 87th regular meeting was held on February 26, 1913, at the 
Hotel Cochran * This was the regular annual opemng meetmg of the 
Society. Fifty members and forty-two guests were present. 

The retiring president, Mr. W. A. Orton, delivered an address entitled 
ETmronmental xnAuenoet tn the pathdogy of Solanwn tuberosum This 
paper was published in this jounial S' 180 1913 

The 88th regular meeting was held on April 1, 1913, at the Cosmos 
Club 

Mr. James T Jardme was elected to membership. 

The following papers were presented 

Dr G G Hedocock Notes on Diseases of Trees Causedby Mistletoes 
Mistletoes are found only on conifers m northern and northeastern 
United States, only on angioeperms m southeastern and southern por¬ 
tions, and on both in western and southwestern regions, where they are 
the most widely disseminated Hie rate of qiread of mistletoes is with- « 
out doubt very slow. Near Fraser, Colorado, on an old bum m the forest, 
the rate of spi^d of Raxoumofskya ameneana (Nutt.) Euntse on the 
lodm pole pmM (Ptnus eontoria Loud), is estimated to be from 6 to 
12 feet per annum, where mechanical emulsion of the seeds aided by 
winds are the controlling factors. Sporamc infections at much greater 
distances are caused possibly by birds or animals. 

Light is the most important factor m determining the spread of mi»> 
tletoes of species of both Rasoumofskya and PhorMendron Trees m 
the open, and m more exposed conditions, whether on ndges or edges 
of canyons or on level areas are most subject to attack by mistletoes on 
account of the abundance of light Mistletoes ore stunted by dense 
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shade, and bear but few, if any seeds, and can not well mamtain them¬ 
selves under such conditions 

One of the immediate effects of the presence of the sinkers of these 
parasites m the tissues of trees and shrubs, is a tendency to hyportrophy 
m the immodate region of penetration In ease of species of Phoraden- 
dron, unless the mistletoe plant is broken off there is little or no ten¬ 
dency for its lateral smkors to spread m the tissues of the host, and 
when broken off, the rate of spread is slow, and no witches brooms are 
formed In rase of species of Razoumofsl^a, witches brooms are cAm- 
monly produced, the lateral smkers spread in the soft tissues of the 
host, keepuig pace with each year's growth, and sending forth new aenal 
shoots The stimulus of the presence of this ramifying network of smkers 
of the parasite causes an mcrease m the number of buds and twigs pro¬ 
duced by the limb of the host attached and results m the formation of 
a more or less dense witches broom The abihty of the mistletoe to 
grow out to the e^remities of the limbs, enables it to send out shoots in 
the best illuminated portion of the broom, and to bear seeds under the 
most favorable conditions of light 

All species of mistletoe are considered iniurious in their final effect 
upon trees and shrubs The leafy Phoranaendmns are no doubt less 
injurious, because of their increased chlorophyll bearing surface and 
consequent greater ability to manufacture hydrocarbons The leaf¬ 
less species of Phoradendron are more injurious than the leafy ones 
Species of fiazoumofskya arc most mjurioub and stunf the growth of 
the hosts In view of the slow sprcM of species of misUetoo m the 
forest, it will be possible to lessen, if not entirely to shut out these par¬ 
asites from our future forests, by cutting down all diseased trees on 
areas where timber sales are conducted 

Prof A S Hitchcock iVotes on the botany of Trmidatl Mr Hitch¬ 
cock remained on the island of Trinidad from November 25 until De¬ 
cember 3t except a few days spent on Toliago On Trinidad there 
wero collected 350 numbers of posses represenlmg about 175 species 
Grisebach (FI Bnt W Ind) describes 87 speeies from the island and 
Hart (Herb List, Hot Dept Trmidad) lists 112 bpecies Several species 
known to grow in Trmidad were not obtained by Mr Hitchcock but 
many species were added to the known flora Among the more mter- 
esting regions of the island were Pitch Lake, where several unique 
species of grasses were found including Pantcum Moraltcum, growing only 
in the water-holding depression of the pitch, Anpo and Plarco savannas, 
isolated low flat grassy openings in tfle valley of the Carom river, where 
were found a prorably new species of Raddia and Paepalum aerpenUnum 
Hochst not found since the original collection by Keppler in Sur¬ 
inam nearly a century ago, and two new species of Panicum, and St. 
Joseph savanna on the mountam side near the ancient capital of the 
island, St Joseph This savanna is of especial mtttest because the 
mountam sides are generally covered with forest except where cleared 
for cultivation, it has occupied its present position smoe an mdefimtely 
early period as shown by the flora The dominant grass is Trachypogon 
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plumostu, a spociea which has not been reported from Trimdad Thu 
apeoiee together with others of the association are the common oon- 
stituenta of the aavannas found on the Pacific slope of Panama and 
Central Amenca In this savanna was found an undeeonbod bpeeies of 
Axonopus, a beautiful golden annual, allied to A aureus At Taba- 
quite m the center of the uland in the original forest or “ High woods" 
was found another undescribed species of fiaddia and the raro Phanu 
patvifoitua Nash Several other apparently undcscnbed speries were 
found on various parts of the island Most of the species, whose types 
were from Tnnid^ were re-collectetl at their type localities The re¬ 
sults of the expedition to Trmidad and to Jamaica vuited earhcr on the 
same trip, were very satisfactory and will supplement the largo West 
Indian collections previously moorporated m the National Herbanum 

C L Shbab, Corresponding Secretory 

THE BIOLOGICAL SOCIETY OF WASHINGTON 

The 508th regular meetmg was held in the assembly hall of the Cos¬ 
mos Club February 22, 1913, with President Nelson m the ohair and 
76 persons present. 

The program consisted of a lecture by Eduund Helleh on Hunting 
with Rainey in Africa The commimication was chiefly descriptive of 
the maps and numerous lantern bhdes exhibited and also of the physical 
features and vegetation of the country, as well as the animals scoured 
during the expedition 

The 609th meetmg was held March 8, 1913, with Vice-President Paul 
Bartsch in the chair and 37 persons present 

Under the head of Bn^ notes and exhibition of epeamene, Wm Pal¬ 
mer exhibited the head of the small devd ray, Mobula oiferei, and a 
plaster cast made from the same, and explamt*d the feedmg habits of 
this fish A C Weed gave some further account of its habits, and 
Theodore Gill added some hutorical notes about devil fishes 
Barton W Evermann reported results of the sale of blue fox skins 
from the Pribilof Islands at Lampson’s (London) auction on March 7 
The 384 skms offered sold at an average price of $56, the highest price 
being $85 

The regular program consisted of two commumcations J W Gid- 
LBT gave an account of a fossil camel recently found in America north 
of the Arctic circle The only hoffe found a as a phalanx The species 
was an extmet one and its occurrence so far north was regarded as 
further proof that there once existeil land connection between the 
contments by way of Alaska The paper was discussed by Messrs 
Wilcox, 0. P Hat, Weed, Gill, Evermann, Lton and others. 

The second communication was by Paul Bartbch on some Remark¬ 
able Pkthpptne moUiuka obtained by the V S Bureau ef Ftehenea expe¬ 
dition Specimens of the moUuau described were mdiibited by the 
qieaker 
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The 510th meeting was held March 22, 1913, with Vioe-Preadent 
Babtsch m the chair and 62 persons present. 

Babton W. Evsrmann reported the executive order of President Tait 
made March 3, 1913, setti^ aside the entire oham of the Aleutian 
Islands as a wild mammal and bird reservation. The reservatlcm is to 
be under jomt charge of the Departments of Agncultiue and of Com¬ 
merce A D Hopkins announced the recent organisation of a new 
scientific society, The Society for the Adoancemsnt of Fareet Entomcdogy 
*n Amenca. 

The regular program consisted of two communications 

1 Recent progress tn Ihe study and culture cf the common ed Hugh 
M SuiTH This was a comprehensive outime of the recent discoveries 
concenung the life history of the common cel Statistics of the com¬ 
mercial uses of the eel and the methods employed abroad for its propaga¬ 
tion and distribution were given Numerous lantern shdes were shown. 

2 Tree^shretvs Marcus Lton, Jr This paper was based upon a 
study of many specimens of these squurel-hke, msect-eating aniTnaJs 
Of less than 800 known Hpecimeas m mifeeums, the Bntish Museum 
possesses 365, the U S National Museum 324, and about 100 are m other 
collections The paper was illustrated by lantern shdee Messrs 
Bartsch and Wu Palmer took part in the discussion. 

The 511th mectmg was held April 6, 1913, with President Nelson 
in the chair and 43 persons present. 

Under the heading Brief notes, Paul Bartsch reported observations 
on the habits of the two common toads of the Distnet of Columbia, 
Bvfo amencanus and Bufo fowlen. Henry Talbott commented on 
the possible agency of man m the dispersion of animals during the 
relatively recent geological ages 

The regular promram oonsuted of two communications 

1. A commerctcu aspect of paleontology hy a layman Henry Tal¬ 
bott 

2 The soologtcal results the Denmark expedtUon to northeast Green¬ 
land Fritz Johansen The speaker, who accompanied the expedi¬ 
tion, gave an account of ohmatio conditions and the fauna and flora 
encountered Mammals and birds received the principal attention 
Maps and numerous lantern shdee were used 

D. E Lantz, Recording Secretary 
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METEOROLOGY — The unusual atmosphene haxmesa during the 
latter part of 191B H H Ejmball, Weather Bureau 

In a previous paper* it ftas been shown that when first observed 
at Mount Weather on June 10, 1012, the hanness did not differ 
materially from that usually observed on the rear of anti-oyclomc 
areas, except m its unusual density Subsequently,* after the 
haze had continued almost unmtemiptedly for over two months, 
it was thought that dust from Katmai Volcano, m Alaska, had 
added its hazmg effect to that of purely meteorological ongm 
A careful compilation of all available observational data relative 
to unusual hazmess or smokiness or decreased atmosphene trans¬ 
parency, dunng the latter part of 1912, was at once undertaken 
The rraults, of which the foUowmg is a summary, will be found 
m greater detail elsewhere * 

Observational data The observations have been denved from 
the followmg sources 

1 Descriptive papers and notes m vanous scientific journals 

2 Extracts from the meteoroloeioal reports for June, 1912, of the 
Gofiperative observers of the U S Weather Bureau 

3 Replies to a circular letter dated December 7,1912 addressed to 
officials m charge of Weather Bureau Stations, and requesting copies of 
all notes made m the Daily Local Record smoe June 1,1912, relative to 

* This Journal, I, 4D2, 1012 

' Bull Mt Weather Observatory 8,101 

' The effect upon atmosphene tranaparency of the eruption of Katmai Volcano 
Monthly Weather Review January, 1913 The effect of the atmoapheno tur¬ 
bidity of 1012 upon BolaT radiation intenaitice and akyb^i polaroation BuU 
Mt Weather Observatory 6, pt 6 
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the ooourrenoe of aw unusually haay or smoky oomditioos of the atmos¬ 
phere, or of unusually brilliant ookne at sunnse or sunset. 

4. Eztraots from the meteorolo^oal reports of observers in Britidi 
Cdumbia, which were kmdly forwarded to the Chief of the U. 8 ‘^feather 
Bureau by the Director of ue Meteorological Service of Canada. 

5. Eztraots from the logs of ships sailii^ on the North FaoU9o Ocean 
in June, 1912. 

6 . Ilq;)liee to a circular letter dated Deoember 28.1012, addressed to 
members of the Asteonomioal and Astrophysioal Society of America, and 
requesii^ copies of any observational data they mif^t have relative to 
a possible dimmution in atmoepheno traaspaimuv after June 1, 1012. 

7. Observatums of sksdi^t polarisation made by me at Mount 
Weather, Virginia, and Santa Fe, New Mexioo, and pvriieUoinetrio 
measuronenta macu under my supervision, at Mount Weather, Vixgiiiia, 
Madison, Wisconsin, and Lincoln, Nebraska. 

FaU of volocmiic <uh. Katmai Voloaim which is in the Aleutian 
Range, Alaska, latitude 58‘*N., longituae 165^., approxhnately, 
became violently eruptive on the afternoon of June 6, 1012, and 
continued in a state of great activity for about three days; it was 
more or lees active until the end of Ootober and perhaps until 
the end of the year. As a result of these eruptions volcanic ash 
fell between June 6 and June 10 over an area extending in latitude 
from Rampart, Alaska, latitude 65|^ to Loring, Alaska, latitude 
65|*’N and in the state of Washington to latitude 4Si*N In 
longitude the fall extended from Nushagak, Alaska, longitude 
168i°W., to Chicken, Alaska, longitude 142*W., to Lonng, Alaska, 
longitude 181° W., and m the state of Washington to longitude 
1221° W. There also appears to have been a fall of very fine 
dust at Mount Wilson, Cslifomia, on August 3-4, which dis¬ 
colored the silver film on the coelostat mirrors 

Hose and smoke. The observations show that a hasy or smoky 
period set in over British Columbia on June 6-^, and over the 
northwestern part of the United States on June 8-10. Thie 
continued untd June 11-12, and in the meantime gradually exr 
tended eastward. A second ha«y or smoky period set m over 
British Columbia on June 18-20, and over the northwestern part 
of the United States at about the same time. It extended gradu¬ 
ally eastward and southward, and diminished in intraaty before 
the end of the month, especially in the states west of the Rocky 
Mountains. 
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It appears that the haiiness of these two periods is to be attrir 
buted to three different causes, namely. 

1. The meteorological conditions, which are especially favor¬ 
able for the formation of base on the rear of anti-cyclonic areas. 
A wdl defined anti-cylonic area crossed the region east of the 
Rooky Mountains between June 6 and June 11. Another was 
central over the Rooky Mountain region between June 17 and 
June 21, and had passed eastward to the Atlantic ocean by June 
24. 

2. Smoke from forest fires. There were extensive forest fires 
in Yukon Territory, Canada, south of Dawson, dunng the latter 
part of May, 1912, and in British Columbia about June 6, and 
between June 11 and Jui^e 26. There were no important forest 
fires in the United States dunng the month of Jime. 

3. Smoke or dust from Katmai Volcano. 

While it is impossible completely to separate the effects of these 
three causes, it seems evident that the base and smoke in British 
Columbia on June 9-10, which was generally accompanied by 
sulfur fumes, was at least m part of volcamc origin. The same 
may also be said of the smoke and haze that was particularly 
noticeable in the states of Washington, Montana» and Wyoming 
on the same dates, coming, as it did, at about the time of the faU 
of volcanic ash in the state of Washington. Several observers 
state tiiat the haze of the latf^ part of June, as well as that of 
June 8-12, was a high haze, having some of the characteristics 
of cirrus clouds, but lacking thdr fibrous appearance. At Madi¬ 
son, Wisconsin, these cloud-Uke forms were first observed at 11 
am. of June 8. If, as seems probable, they consusted of dust from 
Katmai Volcano, ^eir rate of transportation had been about 73 
miles per hour. 

The haze appears to have been first observed in Europe between 
June 20 and 27, altho there is evidence that it was present previous 
to June 12. It was first observed in Algeria, AMoa, on June 19, 
altho it IS probable that it affected the bolometnc determinations 
of solar motion intensity as eariy as June 17. The characteris¬ 
tics of the haze, and its effects, appear to have been practically the 
same in Europe and in northern Africa as in North America. 
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Aatrvnomical obaervatMM While most of the replies to the 
circular letter addressed to membos of the Astronomical and Aa- 
trophyaica Society of America were to the effect that no data 
had been obtained bearing upon the question of a dimmution in 
atmospheric transparency during the latter part of 1012, a ooiudd- 
erable number furnished data that were oonfirmatoiy of such a 
diminution. For convenience of diseussion these data wwe 
divided into four classes, as follows. 

a. Visual observations of a general vduteness of the sky and a 
lack of transparency of the atmosphere. 

h. Instrumental determinations of atmospheric transparency, 
which generally showed a decrease commencing with June or July. 

c. Unsatisfactory results in astronomical photognqihy, and a 
g^eral increase in the exposure time required 
d An observed mcrease m the bnlhanoy and duration 
light colors. 

These last were confirmatory of observations made by Weather 
Bureau observers, which mdicated that twilight colors were unusu¬ 
ally bnlUant in October and November, altho at a few stations the 
colors were the subject of remark as early as June 
The decrease m atmospheric tranqiarenoy as detenmned by 
observations classified under h and c was generally estimated at 
from 10 to 20 per cent. 

A few observers detected a change m the color of sunlight 
as well as m that of sky light, apparently due to the excessive 
absorption or scattering of the shorter wave lengths. 

Pyrhelwm^nc dbsfrvoHont. At Mount Weather, during the 
last half of 1012, the solar radiation mtenaities measured with the 
sun at semth distance 60° averaged only 83 per cent of the oorre- 
^nding intensities measured under normal conditions. At 
Madison, Wisconsin, they were 86 per cent of the average; while 
at Lmcoln, Nebraaka, m November, 1912, they averaged only 82 , 
per cent of the intensities measured in November, 1911. 

Sky light pclaritation. At the pomt of maximum polarisation 
the percentage of polarized lig^t averaged about 20 per cent leas 
during the last half of 1912 than tiie average under normal oon- 
(fitiona. Also, the solar and anti-eolar distances of the neutral 
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pomA of Babmet and Arago, respdotively, were materially in> 
ereaaed when the sun was above tiie horizon "Vilih. the sun below 
the horizon the morease was sli^t, and m some oases tliere was 
even a decrease. 

TheiBe effects upon sky light polarization are in every way suni- 
lar to the effects observed in 1903 after the eruption of Mount 
Pel#e n 1902 

The effect of decreaeed solar radiabum intensities upon air tem¬ 
peratures In the Bulletm of the Mount Weather Observatory 
S‘ 111, a diagram is given which shows that diminished solar radia¬ 
tion mtensities comparable with those of 1912 occurred m 1884-86, 
1891, and 1903. Each of these penods was accompamed and fol¬ 
lowed by temperatures below the normal in the United States. 
While the minus temperature departures were not greater than 
have occurred in other years, they persisted for a greater length 
of time 

It will be of mterest to observe if the present depression in the 
solar radiation intensity curve is also followed by a long continued 
cold period in the United States 

PHYSICS —Recent tiieones of heat and radiations W Wien, 
Professor of Physics, University of Wurzburg. 

In a senes of lectures at Columbia University, I am treating 
several problems which are of peculiar mterest to modem physics 
but which already present grave theoretical difficulties. The 
hypothesis of elements of energy or quanta, as given by Planck 
and expressed m the well known formula, is mdispensable in the 
statistical treatment of molecular physics. It contains something, 
however, which hes beyond the commonly accepted system of 
physical theory. The difficulty in all these problems lies in the 
fact that one must constantly make use of relations, which are 
difficult to determine, between the theoiy of quanta and the older 
classical tiieoiy. 

It is impossible as yet to say to what extent the theory of quanta 
may be applied. Thus far, its apphcation has been confined to 

* An nddrsM delivered before the Waibinston Academy of Soienoea on April 23, 
1918. 



274 WIBN. BBCBNT THBOBISS OT HBAT AND RADIATION 


statistical considerations, and has been successful, but the asHtanp- 
tion that the emission of radiation can only take place by quanta 
has not yet been necessary m any direct phyaioal experiment. 
The success of the statistical treatment of the phenomena of heat, 
which has led to the theory of quanta, must be due to some peouli- 
anty of the atom which has found its nmplest eiqiression in 
PlsSiok's hypothesis of quanta, but it remains to be proved 
whether this assumption rqireeents the true theory of the actual 
phenomena 

We can not say that the atom radiates energy only thru quanta, 
for if we accelerate an atom of canal radiation, it must send out 
energy according to the laws of the electromagnetio field. This 
energy can be calculated and may reach any arbitrary value 
Nor is it possible to overcome this difficulty by assuming that 
the theory of quanta holds only for periodic variations, and an 
acoderation is not periodic—^for in an alternating field we can 
impress such vibrations upon a charged atom that it will emit a 
radiation which is periodic but has nothing with the quan¬ 
tum Again, if we regard heat as the eUsSc vibration of the 
atoms, it leads to the conclusion that the theory of quanta must 
apply thtfe On tiie other hand, acoustical vibrations of the 
same character have nothing to do with the quantum. To ^>ply 
the theory of quanta to eveiy possible kind of vibration seems, 
therefore, to lead to impossible consequences 

Once it seemed necessary to limit the application of the 
theory to the phenomena of irr^Iar molecular motion, and, 
indeed, we may call Planck’s formula the general aqineasion of this 
irregular motion. From this pomt of view the theory of quanta 
tells us that such iiregular molecular motion diminishes with 
temperature and disappean at absolute sero—which is synony¬ 
mous with the assertion that entropy vaniwes at sero as requir^ 
by the Nernst theorem. 

Since the theory of quanta gives us only a formula for the statis¬ 
tical treatment of the partition of energy, it is extremely difficult 
to find its true physical meaning. We might, of course, content 
ourselveB with applying this statistical treatment to observed 
phenomena only, merely exchanging the theorem of eqmpartition 
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of eneigy for the general formula of the theory of quanta, but then 
our need for adequate oauaes remams unaatiified, and, besides, we 
can not in this way avoid being forced to use the theory of quanta 
in connection with the classical theory of mechanics and electro¬ 
dynamics. So long as these relations remain unknown, the 
theory will stand on uncertain ground. At the moment, the best 
way appears to be to apply the theory of quanta to as larfie a 
number as possible of the problems related to the theory of heat 

We may begin with the theory of radiation m the form given 
by Debye in coimection with the theory of Rayleigh and Jean-* 
And this has the additional advantage of bringmg out more clearly 
the true meaning of the theory of quanta, namely, that another 
partition of energy takes place, for the energy can only be divided 
in parts of magnitude hr.* Thu theory of quanta also lies at 
the foundation of the theory of specific heat, for the heat of solids 
is identified with the vibrations of the atom 

The assumption that energy can only be distnbuted in mul¬ 
tiples of hv corresponds with the first hypothesu of Planck, that 
emission and absorption can only take place in aliquot parts of 
magmtude hr. But it u well known that this theory u open to 
serious objectioiu, for a discontmuous absorption of contmuous 
radiation is hardly imaginable. Therefore Planck has now given 
up the assumption of quanta for the absorption and apphes the 
hypothesis only to the phenomenon of emission, leavmg the ab¬ 
sorbed energy to reach any arbitrary value The question then 
arises, How is it possible to bring this mto haniiony with the 
theory of specific heat? 

According to Planck’s new theory, each atom conceals a quan- 

hr 

tity of energy the mean value of which u ^ for each free vibration. 

This energy exceeds the heat energy, even at temperatures which 
are not very low. Is it therefore possible to assume two kmds of 
energy of vibrations, one that can not be transferred and another 
that we call the energy of heat^ If elastic vibratioru remam m 
the solid in such an amount that the heat energy u only a small 

IS the number of vibrstions and h a universal constant 
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fraction of the total energy, how la it possible for theeleotnc con¬ 
ductivity to depend in any oonaderable degree upon temperature? 

The assumption that the energy can be distnbuted only in 
multiples of hv can, it seems to me, be combmed with Pli 
new ^eoiy only (m the hypothesis that the absorption of 
IB contmuous, but that the absorbed eneigy eoasts at first o^ 
the€orm of energy of electrons The vibrations of the atoms are 
identical with the heat energy, and disappear completely at abso¬ 
lute sero, but the energy of the electrons remains and amounts 
hp 


uuijr lU 

’iMk's 

1 ^ 


m the mean to 


On this assumption, the theory of specific 


heat remains unchanged 

There is one further difficulty with vibrations of the mfrarred 
rays which are assumed m the theory of dispersion to excite elastic 
vibrations of the molecules These vibrations would also be 

h» 

heat vibrations, but therf would ronam an amount ^ i^ot depend- 
mg on temperature Peihf^s m this case also the motion of the 

hv 

electrons is pnmaiy Then ^ would agam r^resent the energy 
of the electrons 

The assumption that the electrons have a motion mdependent 
of temperature seems not to be a new hypothesis It is founded 
on the theory of quanta, because the emission can only take place 
if the energy reaches h¥ Now we know from Zeemann’s phe¬ 
nomenon that the radiatmg particles are moving electrons, and 
therefore that the electrons must move before the radiation can 
b^;m The theoiy of diamagnetism also requires the hypothesis 
of moving electrons mdependent of temperature Debye’s theoiy 
of specific heat is founded directly on ^e formula of partition of 
energy It requires only the assumption that the heat energy is 
identical with the vibrations of the atoms, and that the forces 
are those which are assumed m the common theoiy of elasticity 

A senous difficulty arises m connection with the heat conduc¬ 
tivity which should be detennmed by the dastic waves m the 
sohd The theoiy of elasticity is used for the determination of 
the number of free vibrations, and is thus connected with the 
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theory of quanta, but we do not yet know how to use this theoiy 
to calculate the velocity of molecular vibrations thru the sohd. 

In considering Planck's new theoiy, we assume an amount of 

energy ^ independent of temperature. To find the true law of 

radiation, one must adopt a definite law of emission, and so obtam 
a relation between the probabihty of emission and the ralie of 
mcoease of energy to the critical value hv. It would be freer from 
objection to consider the law of radiation as determined by the 
considerations offered by Debye, and then to derive mversely the 
law of emission. 

The now well-known theory of electrons was founded on the 
hypothesis that electric conductivity in metals is determined by 
free electrons moving m the metal with complete irregularity. In 
this fonn the theoiy can not hold, for H A Lorentz has shown 
that such free electrons must yield a radiation following the law 
of Rayleigh and Jeans This radiation, especially for short waves, 
would be many times greater than is found by observation The 
theory of specific heat also shows that only the molecules, not the 
electrons, possess heat energy. 

One might perhaps hope to find a way out of the difficulty by 
assuming that the number of electrons is small in comparison witii 
the number of atoms, but for low temperatures one would be 
forced to apply Planck’s formula, not only to the atoms but to the 
electrons as well, and a new difficulty would at once result, since the 
free electrons can not have a vibration frequency equal to v If it 
were possible to identify the r for an electron with the value for 
an atom, the electrons could no longer be regarded as free and 
there would be no difference between the free electrons and the 
electrons fixed in the atom. All the electrons would take part 
of the heat energy, and, their number being greater than the 
number of atoms, the value of the specific heat for high tempera¬ 
tures would be too high. There are many circumstances which 
make it probable that the energy of the electrons is independent 
of temperature. All emissions of electrons by radiation are inde¬ 
pendent of temperature, and the electrons coming from hot bodies 
can be emitted by radiation. 
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It is possible to develop a theory of deotrio conductivity if 
one oonsiderB the motion of electrons m metals to be mdependent 
of temperature. In this case the conductivity of metals could 
change only thru variation of the free path of tiie electrons. ^ The 
free path of electrons will depend only upon the vibrations d the 
atoms, and must be inversely proportional to the numberof v»r^ 
ing atoms It would be more difficult tqiffiiMl the relation between 
the free path and the amplitude of the vibrations. A statistical 
consideration shows that the free path must be mdependent of the 
partition of the quanta only m case the free path be inversely pro¬ 
portional to the square of the amplitude. The vibrations are sup¬ 
posed to be identical with the elastic vibrations of the sohd. In 
this way, one arrives at a formula for the conductivity, using the 
values obtained by the theory of elasticity, which agrees with the 
observations of Kammerlingh-Onnes except at very low temperar 
tures It also yields the high value for the temperature coeffi¬ 
cient for iron and nickel. The derivation of the formula for elec¬ 
tric conductivity suggests that the electrons are in irregular motion 
but the energy of this motion will not depend, as assumed in 
Drude’s theory, on the temperature, for the motion considered 
remains unchanged even at the lowest temperatures. It is 
possible to identify this energy of the electrons with the energy 

^2 of the theoiy of radiation. 

Some considerations have heem offered by Einstem, which 
have considerable importance for the theoiy of quanta. They 
relate to fluctuations m the radiant en«gy caused by the inegu- 
larity of the emission. The theory of the Brownian movements 
founded on the theory of errors has diown such a surprising agree¬ 
ment with observation that it is necessary to take account of 
this theoiy in its application to radiation. Using Boltamann’s 
theorem of the relation between entropy and probability, this 
can be calculated from the known formula of the entropy of radia^ 
tion. Applying the law of errors we can calculate the fluotuationB 
of the radiant energy about its mean value. The calculation gives 
an eiqiression which cannot be interpreted from the mean values 
for intarfering rays, meeting m a pomt distant from the radiating 
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aurface. The expression which represents the fluctuations con¬ 
tains two terms, one having the form which would result if the 
elements of energy were concentrated in points of space, the other 
expressing the fluctuations caused by mterference alone.* But 
the second term of the formula also contains the constant h and 
one can combme the two terms mto one, m consequence of which 
it IB not quite certain whether the separation mto two terms is 
due to the physical phenomena. Certain it is that at low tem¬ 
peratures the calculated fluctuations are larger than those caused 
by interference alone. Inasmuch as this case applies only to 
radiation which exists free in space it has no relation to observa¬ 
tion. 

Another case, which was also treated by Einstem, is therefore 
of great interest here. It concerns the irregular motion of a imrror 
accelerated by pressure of radiation in free space. In the calcula¬ 
tion of this pressure the effect of small velocitieB vanishes because 
the pressure is the same on the front and on the back of the mirror. 
It is therefore necessary to calculate the second term which is 
proportional to the velocity. The expression for the mean energy 
of the irregular motion of the mirror is also made up of two terms 
and 18 quite analogous to the expression for radiant energy 
If the mirror be suspended in a space filled with radiation 
from a black body an energy equihbrium is established and it 
may be expected t^t the irregularities in the pressure of radiation 
will reach the magmtude given by the law of equipartition of 
energy Therefore the mean energy of the minor moving m one 
direction would be i AT * But if we calculate the irregular motions 
caused by interference alone we shall find them smaller, the mean 
energy being proportional to kT and mdependent of A. It is 
unlikely that the mean energy of the real motions would be differ- 
kT 

eut from the value for the irregularities caused by the pres¬ 
sure of radiation must be in equihbnum with the irregulanties 
caused by other thermal phenomena It seems therefore neces- 

* From thifl expresnon Einitem was led to mxggfitt the anumption that quanta 
also exiat in apace 

^ Where h la the oonatant of the theory of gasec and T the abaolute temperature 
Thu quantity of mergy u equal to the mean energy of a gaa-moleoule 
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saiy to suggest a proper cause for mcreasmg the irregular motionB 
by tlie amount of the pressure. For the oaloulation of these 
irregularities it is altoge^er probable that the mirror oannot be 
considered to be a contmuous body and the molecular struoture 
of the mirror must be taken into consideration 

The theory of the Rontgen rays, is also connected m some way 
with the theory of quanta but is founded on purely electromag¬ 
netic considerations Sometime ago 1 tried to calculate the wave 
length of the Rontgen rays from the theoiy of Stokes andWiech- 
ert using only the measurements of energy The electromagnetic 
theory gives the energy radiated by the retardation of an electron 
in a path of defimte length. The radiated energy increases with 
the velocity of the electron and diminishes with the length of the 
p>ath of retardation The electron on the other hand radiates 
only m this path and the wave of electromagnetic disturbance is 
therefore enclosed between two qiheres the centers of which lie 
at the extremities of the path Hence the wave length can be 
calculated from the length of the path, that is, from the velocity 
and the radiated energy The energy of the electrons can be 
calculated from the energy of the excited Rontgenrays One 
can therefore calculate the wave length of Rontgen rays from the 
ratio of the energies of electrons and Rdntgen rays. The value 
found in this way is considerably smaller than that found by obser¬ 
vations of diffraction. Another way of calculating the wave 
length of Rontgen rays is given by the theory of quanta. If 
secondary electrons are excited by Rontgen rays the velocity 
acquired is much greater than can be explained by the electro¬ 
magnetic theory. Only a few atoms, however, radiate secondary 
electrons. 

For the simplest explanation of this observation the hypothesis 
is made that the energy of secondary electrons is denved from the 

energy accumulated in the atom and havmg the mean value ^. 

At first those atoms will radiate which possess a quantity of eneigy 
not veiy different from hv, and which need only to absorb a small 
amount of the mcident radiation to reach the critical value hv. 
These atoms will then radiate and the energy of the emergmg 
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dectron n 2 ^ energy of the secondary electrons 

being known one can calculate the value of v and obtain a wave 
length for the Rontgen rays of the same order of magnitude as 
that which results from experiments in diffraction. It also 
seems probable that the Rontgen rays affect only the electrons 
and that the whole absorption is therefore caused by collisionB of 
the secondary electrons with the atoms. In the production of 
Rontgen rays almost the whole energy of the cathode rays is 
transformed mto heat Sommerfeld has given a formula umt- 
ing the theory of Rontgen rays with the theory of quanta. He 
puts the action mtegral (pnnoiple of least action) equal to the 

constant the mtegration being taken over the tune of the 

molecular action It is then possible to calculate from the values 
of the kinetic and potential energies and the constant h, the tune 
of molecular action which corresponds to the time of radiation. 
According to this reasoning the value of the wave lengths resulting 
from the electromagnetic theory should agree with the value 
derived from the theory of quanta. In fact much smaller values 
for the wave lengths result from the electromagnetic theory Som¬ 
merfeld explains this by assuming that the Rontgen rays are not 
monochromatic but consist of two kinds of radiation, one depend¬ 
ing on the nature of the anticathode while the other is the radia¬ 
tion of the retarded electrons. The latter must be polarised m 
a plane such that the electnc vibrations are parallel to the direc¬ 
tion of retardation One can then calculate the radiation of the 
retarded electrons from the polarised portion of the Rontgen 
rays Using the observations upon the polarisation of Rontgen 
rays one now finds an* agreement. 

Sommerfeld applies his theorem also to the electrons expelled 
by ultraviolet light by supposing that the energy acquired by the 
electrons is accumulated by resonance, but with this supposition 
I cannot agree. In this case a very long time must elapse before 
emission begins. For the explanation of the emission of electrons 
by light it semns to me rather tbat we must take account of the 
energy concealed in the atom. 
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One of the phenomena, m which the emission of light undoubt¬ 
edly takes place thru the collision of molecules and atoms, is 
the positive rays There we have atoms and molecules moving 
with high velocities which can be measured by means of magnetio 
and electnc deflection or by direct methods One can calculate 
the mean energy emitted by one atom in one spectral line from the 
ratio of the emitted mtensity m the Doppler line to the number of 
atoms, which number can be found by observation of the current 
of positive electricity On the other hand we find that the par¬ 
ticles which are active m the positive rays do not retam ihjpv 
charge but lose it thru oollunons with atoms at rest, ancfjypler 
being without charge for a tune, they get a new one thru a second 
collision with a particle at rest We have therefore always two 
kinds of particles, one charged and the other uncharged,—^neglecb* 
ing the negatively charged particles, whose number is oomparar 
tively small. In the state of equilibrium the number of particles 
m umt volume losing their charge, is equal to the number receiv¬ 
ing a new charge, so that the number of charged as well as of 
uncharged particles remains constant. But the ratio of the 
number of charged particles to the number of those uncharged 
depends upon the number of collisions of both kinds of particles, 
and IS equal to the ratio of the free path of charged particles to 
the free path of those uncharged This ratio may be determmed 
by taking away the charged particles m an electnc field 
The free path itself can be found if the charged particles are 
deflected and the distance measured, thru which the uncharged 
particles must pass before a definite number receive their positive 
chargee. It is found that the free path of the uncharged particles 
18 greater than that of the charged particles but that the ratio of 
the one to the other depends on the pressure of the gas at rest. 
This 18 not m accord wi^ the fimdamental concept of the kinetic 
theory of gases, which demands that the free path be inversely 
proportional to the pressure. Also the absolute value of the free 
paths IS not inversely proportional to the pressure but at low pres¬ 
sures diminishes more slowly than the pressure mcreases. These 
results show that the atoms cannot be regarded as entirdy mde- 
pendent of each other One may also observe that the absorption 
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of positive rays is not proportional to the pressure but is very much 
slower. Thus we see that even under these simple conditions 
the behavior of the atoms is very complicated 

Now it is oertam that the emission of light takes place thru 
collisions of the moving atoms with atoms or molecules at rest 
and the question is whether or not the colludons effecting the emis¬ 
sion of li^t are the same as the colhsions which cause the atoms 
to lose or receive their charges If we assume that the two kmds 
of collisions are the same, we must perforce apply the theory 
of quanta, because one atom cannot send out less radiation than 
one quantum From the free path we know the number of col¬ 
lisions per cm of path, and, having found the mean energy emitted 
by one atom, we may calculate how many coUisionB are neces¬ 
sary to effect the emission of one quantum of a spectral hne, that 
is, how many collisions must occur for each one which excites one 
quantum emission. But the emission of light by the positive 
rays depends very greatly on the velocity of the particles. If 
the velocity is very small no emission at all can come from the 
particles. The emission mcreases rapidly with the velocity but 
after reaching a maximum value it decreases so that for great velo¬ 
cities it again disappears. The emission of light is therefore associ¬ 
ated with a small range of velocities. 

In the light emitted by the positive rays we always have two 
spectral lines, one conung from the molecules at rest and the 
other from the moving molecules One might think it possible 
to find a relation between those two by applying the prmoiple of 
relativity. If we make the whole system move with the velocity 
of the moving atoms and in the opposite direction, then the atoms 
at rest become moving atoms, the moving atoms are now at rest 
and nothing is changed. One might therefore conclude that the 
light emitted by the moving atoms differs from the light coming 
from the atoms at rest only by the amount of the change de¬ 
manded by Doppler’s principle. But we have here a complica¬ 
tion in that not only atoms or molecules but also electrons are 
emitted by atoms in collision and these secondary electrons hka- 
wise cause an emission of light if they are absorbed. 

All tiiese considerations show that the emisaon of light by the 
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positive rays is also a complex phenomenon, in which the emission 
of a spectral line depends not only on the radiating atom but 
also on the velocity of the atom or dectron which excites the radia¬ 
tion. One must therefore try to make the conditions of experi¬ 
ment still simpler 

Another phenomenon to which it may be possible to apply the 
theory of quanta is the scmtillation caused by the impact of o-rays 
against a phosphorescent body. In a sense we have here an ele¬ 
mentary operation because the light, which is emitted in one 
scmtillation is caused by a single o-partiole But the amoimt of 
energy radiated m the scmtillation is much larger than one quan¬ 
tum and it seems that this energy does not come from a single 
atom of the phosphorescent substance but from a great number of 
atoms, all excited by the same o-particle 

After this survey of the field we are thus compelled to admit 
that for the moment we have no experiment which permits the 
observation of a smgle quantum of energy. With light we can¬ 
not hope to make such observations directly because more than 
thirty quanta are necessary to be perceptible to the eye. In 
Rontgen rays the element of energy is more than 1000 times larger 
but here we have no instrument of observation as sensitive as 
the human eye 

It is therefore unavoidable that m the study of the quanta 
theory we are conimed to statistical methods, and these do not 
give us a convincing interpretation in terms of pliysical fact It 
is only by applymg the ^eory of quanta to many and widely 
different phenomena that we can hope to hnd out the true physi¬ 
cal explanation of this novel theory. On the other hand it is 
evident that hardly more than the first steps have yet been taken 
and that by far the greater part of the work still remains to be 
done 

RADIOTELEGRAPHY .—A Comparison of arc and spark send¬ 
ing apparatus for radwtelegrapky. L. W Austin, XT. S Naval 
Radiotelegraphic Laboratoiy. 

It has been claimed by the users of continuous oaciUations in 
radiotelegraphy that these waves are lees absorbed in passing 
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over the surface of the earth than the damped wave trams pro¬ 
duced by spark sending. Several attempts have been made to 
settle this question by experiment, but over the moderate dis¬ 
tances employed no difference in absorption has been observed 
In order to extend these experiments to greater distances, a 30- 
kw. arc operated with 600-volt direct current was metalled at 
the hi gh power station at Arlmgton, Virgima. At a wave length 
of 4100 meters, the arc gave an antenna current of from 47 to 53 
amperes. Compansons were made of the received current from 
this arc and from the 500 cycle spark set giving from 100 to 120 
amperes in the antenna. A very careful set of observations of 
the received currents from the two types of apparatus was made 
at St. Augustine, Flonda, the measurements bmng taken by the 
calibrated detector and galvanometer method The distance 
between the two stations was 530 nautical miles. The received 
currents were found to be simply proportional to the radiation 
currents at Arlington with an error not greater than 10 per cent, 
that is, at this distance there was no evidence of a difference 
m the absorption. These results were veniied by the shunted 
telephone method using the slippmg contact detector,* at New 
Orleans and also at Klby West, both places being approximately 
900 miles from Washington. 

The receiving apparatus was then placed on the U.S,S Ar- 
karuiu and tak|p to Colon, 1800 nautical miles from Arlington 
During the two days available for observation at Colon the 
receiving apparatus was taken to the'Naval Radiotelegraphic 
Station. During these two days, the arc signals were heard at 
each schedule both day,and ni^t, while the spark signals were 
heard only at night. These observations indicated that at 1800 
miles the continuous waves show a smaller degree of absorption 
than the damped waves. It was not possible, however, to draw 
this conclusion with certainty, smce at the season of the year m 
which the observations were taken, late December, exceptional 
days occur which might perhaps affect tiie continuous oscillations 
in a different manner from those of the spark. 


‘Jonm WMh. Aoid 1 8 1011 
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An additional senea of observations has been made during the 
recent voyage of the Salem to Gibraltar and return. Here it was 
found, in verification of the Colon experiments, that for distances 
over 1400 miles the arc as received m the day time was equal to 
or somewhat better than the qiark, notwithstanding the fact that 
the sparic radiation current at Arlington was considerably more 
than twice as great as the corresponding arc current. Messages 
were contmuously received with both arc and spark in the day 
tune up to 2100 miles Several times day signcJs were heard at 
greater distances, the arc being uniformly louder. The night 
signals were heard all the way to Gibraltar. ik. 

MINERALOGY .—Tnphtefrom eastern Nevada. Frank L. Hkss 
and W. F Hunt.' Communicated by F L Ransome. 

Triphte, a manganese fluophosphate of pale salmon color, was 
found in specimens of tungsten ore sent by G. G. Sims from the 
Reagan diknct in the Kem Range, White Pine County, Nevada, 
to the United States Geological Survey. It occurs witii wolfram> 
ite (hUbnerite?), scheelite, pynte, ch^oopyrite, an argentiferous 
sulfide of bismuth and le^, which is possibly cosalite, native 
bismuth, and a little sencite. The triphte is in irregular masses, 
the largest of which is less than an mch in diameter. 

The mineral association strongly suggests pegmatitic ongin and 
from its occurrence m other places the presenci of tnplite m a 
vein wou'd appear to indicate that the vein is either an end 
product of differentiation in a pegmatite magma or was deposited 
by magmatic waters 

An analysis (by W. F. H.) gave only 1 68 per cent of FeO 
Previously published analyses of tnplite from other localitieB have 
shown from 7.60 to 41.42 per cent FeO, and the minerals have 
been of much darker color The formula for the Reagan mmeral 
approximates MnO.PiOi.MnFi 

A more extended desonption will be later subnutted for pub¬ 
lication m the Ammean Journal of Science. 

'Publiahed by permusua of the Director of the United Statee Oeologioal 
Sorter. 
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HELMINTHOIXXjY .—Nolu on Monondnu and Tylmekubu. 

N. A. Cobb. Bureau of Plant Industry. 

Mommehus. Various observers have suggested that species of 
the genus Mononchua may be mjunous to vegetation. For some 
years the writer has accumulated observations showing the species 
of this genus to be carmvorous On various occasioiis the intes¬ 
tine has been seen to contain other nematodes that have been 
swallowed whole. On one occasion a Mononckua was captured 
in the act of swallowing another nematode. When Mononchi are 
placed m water with other species of nematodes the latter are 
scnnetimes seen suddenly to exhibit active motion, apparently 



I''ig 1 Seven females of TyUnehulu$ smt-ptfuirant m vanoue stages, as 
found on a feeding root of orange tree The two outside specimens are younger 
than the others, which are adult or nearly so A considerable portion of the 
head end of the worm is inside the root The rooti are injured a, tul end, 
6, vulva, e, excretory pore, d, immature egg, s, ripe egg 
* 

expressive of fear, when touched by the head of one of the jlfon- 
onehi —acting, m fact, as if suddenly^ mpped or bitten It 
would appear that Mononchi are beneficial to vegetation, rather 
than mjunous, as the nematodes they feed upon are often 
injurious species. 

Tylenchulw (New genus). Mr E. E. Thomas has recently 
announced in Circular No. 85 of the Cahfomia College of Agri¬ 
culture a very mterratmg dilcoveiy in connection with the roots 
of citrus trees. Mr. J. R. Hodges, California State Horticultural 
Inspector, observed nematodes from the roots of orange trees, and 
conduded they were injurious. Thomas’ investigations showed the 
nematodes to be of common occurrence, but he nevertheless con¬ 
cluded that the species was one not hitherto found on citrus 
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Fig 2 Nearly adult male 
of Tylenehulus aemi-pene- 
traru a, mouth pore, 6, an¬ 
terior part of spear, c, pro- 
trudmg-moaole of spear, 
df beginning of oesophagua, 
4, deteriorated median bulb, 
/, nerve-ring, g, deteriorated 
posterior bulb, A, beginning 
of intestine, t, tenmnus, 
y, larger intestinal granule, 
it, smaller intestinal granule, 
1, anus, m, left spiculum, 
n, exoretory pore, o, sper- 
matoryte; p, vas deferens; 
q, spennatosoon 


roots, and Circular No 85 was issued to 
call Hxe attention of other inveetigators 
to the subject. 

The writer has recently examined the 
nematode mentioned, and finds it a 
new generic form, for which the name 
Tylenchulus is most appropriate. 

Tylenehulus has the characters of 
Tylenchus, except that, (1) there is no 
functional anus, (2) the excretory pore 
18 near the middle of the body, or even 
farther back in the adult female; (3) 
there is no male bursa, (4) the male prac¬ 
tically loses the spear at the final moult, 

(5) the cuticle of the female is much 
thickened when the posterior portion of 
the body becomes saccate at maturity; 

(6) the vulva is located in a deep suture 

The type species is: 


TylanchuluB geml-penetranSy nov gen, 


n sp. 


s Ift II srt *90 Ml ._ 

IS 1ft 19 —M 


CuUde naked, tmveraed br 40(MMX) plain 
transverse striae. Neck oylindroid, beoom* 

a convex-conoid near the contmuous head, 
oh IS rounded m front No lips, amphida 
or eye-spots Spear and oeeopnajnis typi¬ 
cally tyienchoid. Median bulb efiipeoidial, 
wi^ v^ve, posterior sweUing pyntorm to 
elongated, without valve. Male tail conoid 
to the somewhat blunt temunus Posterior 


part of the adult female saccate, with wide 
blunt tad bent toward tiie ventral nde. 
Vulva in the midst of a prominent ventral 
suture. 


Habitat: Parasitic on citrus roots in Cah- 
fonua and Fkmda 

Fuller publicat i on with illustrations will 
follow 


'Measiirment near the middle of the aeeoate part 
'ArMtraiy, a. there is no anus 
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VITAL STATISTICS .—A natural populatum norm.^ II 
Alprbd J. Lotka. Communicated by G. K. Bui:Kes8 

II. Proportion of sexes. In addition to the features dwmiiwf yi 
m part I of this pi^r, Table III also shows the calculated and 
obwrved ratio of t^ total number of females to that of males 
in the population. The calculated figure is obtained as follows 
Let Ba be the total number of male birth per annum and Nm 
the total number of males in the population. Let Bt, Nt similarly 
refer to females Then 6., bt, the male and female birthrates 
per head per annum, are defined respectively by • 


Hence 



( 8 ) 


M ^ 6jn 

^ B„ bt 


( 0 ) 


Bt 

Now —, the proportion of female births to male births, is 
a characteristic constant of the population, and m the case under 
consideration its value was ~ 0 9832 For the values of 

1 Uoo2 

ha, bt we have by (4) and Table I 


h. 

J_ 

hr 

Hence (9) becomes 

Ml 


41..35 - 1312Pa + 
44.62-1467ri + 


0.9632 I 
10^95 I 


44.62 - 1467ri 
4i.36 - 1312r. 

1 - 32 878r, ) 

1-'31 729r.) 


} 


( 10 )» 


( 11 ) 

( 12 ) 


• See this JourtMl« Ml-ClS 1913 

* Thd oonvergenoe of the senee (10) le euoh that in the eomputation of 6 and of 
c (a) tenne had to be retained, but the quotient (12) u much more rapidly 
e o nTcr g ent, so that only two terms are here required 
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In the numerical case here considered r. * 0.01431, 

r, - 0.01378. 

Nt 

This gives, for the ratio -jj- the computed value 1045, as againat 
the observed value 1.054. 

III. Age-dtalnbuium at death. (3) we have for the total num¬ 
ber of deaths between the age-limits 0 and « 

D - - NhJ^p{a)da (13) 

Similarly, between the age-limits a and (a + da) 

~ da * — ^«-»*p(o)clo (14) 

da d 

Introducing a coefficient of age-distnbution at death, defined in a 
manner analogous to that apphed tp the living population, but 
denoted by c'(a), this ^ves 

e'en) --^«-~p(o) (16) 

To find the proportion of deaths between the ages Ui and ot 
we int^rate 

(o) do = - 3 (o) do (16) 

Jai dJmt 

" ~ si*"* ^ ^ F ** 

The last int^al has already been computed m detennining the 
age-distnbution in life, so that we can now readily calculate the 
age-distnbution at death As a matter of fact, m the process of 
computing the age-distnbution in life many of the data required 

for computing p (a) j by seriee are obtained, so that the work 

18 largely disposed of. The computation was carried out for males 
only The results obtained are shown in Table V and figure 5. 
Here agam the agreement between the observed and calculated 
values 18 very close. 
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TABLE V 


AOB-DlBTBIBTmON AT DkaTH (Maus) * 



OALOOUnO 

oanmTBD 

(h 6 

429 

419 


37 

36 

lO-U 

18 

18 

16-20 

21 

23 

2tV-26 

28 

28 

26^ 

62 

59 

36-46 

69 

1 ^ 

46-56 

79 


56-66 

88 

88 

66-75 1 

93 

97 

76-o> 

76 

89 

_ 

990 

1000 


IV. A verage age at death The average age at death is given by 


J 

i a o' (a) da 

0 

(18) 

In the case of the stable age distribution this becomes (see 15) 

a*j 

1 a«“"p(o) da 

(19) 

- - + IJo^^ ~ «-~p(o) da 

(20) 

“0 + 4 rc(o)do —- 

djo c 

- fac(a) da 

1 Jo 

(21) 

D 

Sl-lH- 

1 


(22) 


if we denote by A, the mean age of the living population. 

In a stationary population we have r » 0, d » d* and hence 

il- - 4- - li where I is the mean length of life, via., I - 1 p(o) da. 
do 

V. Third equation between b,d and r. We have so far considered 
b, d and r as connected by two relations, namely equation (2) (or 
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its equivalent 3), and the defining equation r •" (b — d). In 
actual fact ef coiyse b, d and r are in every instance completely 
determined. There must therefore be a third relation between 



Fla 6 Aas-dutnbuUon at dMth, and Walw 1871-1680 


them. In fact if one male, at age a, gives rise, on an average, to 
Ab(<i) male births per unit of tune, we must have 


A. 


J|c«(«)/Jni(o)do 


(26) 

(26) 
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For the stable age-distribution this becomes by (l) 


ba. 


1 


6« l«“”Pm(o)/9»(o)do* 


■X 

X 


«-“p»(o)/8„(o) da 


(27) 

(28) 


an equation which determinee r 

Equation (28) gives nse to two reflections 

In the first place it can be seen by inspection, that r = 0 accord- 

♦ > 

ing as I Pm(o) 0m(o) da=l This is due to the fact that this last 

Jt < 

mtegral represents the ratio of the total male births m two suc¬ 
cessive generations. 

The second conclusion which we may draw from equation (28) 
it at first sig^t somewhat surpriring In that equation we may, 
without altering its meamng m any way, write the limits of the 
int^prd O] and Ot, instead of 0 and », if we denote by Oi and a, 
the lower and upper limits of the reproductive period For 
outside these age limits the function fi(a) has everywhere the value 
0 , so that the terms of the original integral outside these limits 
contribute nothing to the numerical value of the mtegral This 
being so, the per cent rate of incresM of a population in which the 
stable age-distnbution has become established is quite indepen¬ 
dent of any factors which may affect the life of mibviduals out¬ 
side the reproductive age limits—so long as conditions withm 
these limits remain unchanged Thus, if we were dealmg with 
a herd of cattle, for instance, it is qmte immaterial, so far as the 
effect upon r is concerned, how we slaughter the cattle of the herd, 
so long as we spare the mdividuals of breeding age. This is a 
somewhat surprising result, especially as it applies not only to 
the superannuated, but also to the young, immature cattle 
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BOTANY— The catalpa aepium a faekn^ in diabngtuahtng hardy etUalpa. 
WiiiLiAU H. Lamb, Forest Service. Proceedings of the Society of 
Amencan Foresters, 7: No I 1912 , 

This 18 a discusmon of the distinguishing oharaotenstios of hardy 
catalpa (Catalpa itpeaoaa), and common catalpa (Catalpa eatalpa), with 
onphasiB upon the septum as a distinguishing feature. The septum is 
the long*wnnkled partition within the pod, along which the seeds are 
arranged The septum of hardy catalpa is greatly thickened along the 
middle, grvmg it a rounded i^ipearanoe m general outline The septum 
of common catalpa, on the ot^r hand, is only slightly thickened ^ong 
the middle and appears relatively 6at This variation m shi^ fur¬ 
nishes us with a valuable means for recognuuig hardy catalpa Dia- 
gramatic drewmgs of enlarged sections of typical septa have been made 
to illustrate this important distuiotion. W. H. L 

ZOOLOGY — Cnnotdea (supplement) Austin Hobabt Claak 
E rgebnisse der Hamburger sudwest-australischen Forschungsreise 
1905, Bd 4 Lief 6 S. 307-315, Taf. 4. 1013. 

Since the pubheatKm oi the author's memw on the crinoids of west 
Australia (this series, 8, part 13, pp. 435-467) additional specimens col¬ 
lected by the Hamburg Southwest Australian Expedition have come to 
light An account of these, including the description of a new genus 
(Petaeom^a) and species (P. hdumihotdea), is hoe pven In an ai>> 
pendix IS a list of annotations by which the infomiation included m the 
Anginal memoir, written three years ago, is brought up to date 

A. H. C. 
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ICHTEnrOLOGY —The sense of smeU tn fishes G H Parkiir and 
R. E ShKiDON Bulletin of the Bureau of Fiehones, 32 33-40 
1912. Issued May 3,1913. 

The oommon behef that fishes have a sense of smell has been hitherto 
without the support of physiological evidence In this paper are 
recorded the results of experiments with three common species of fishes 
which show reactions undoubtedly dependent upon the olfactory appa¬ 
ratus 

' 1 A current of water passes thru the nasal chambers of many fishes in 
a direction from anterior to posterior. It may be produced by cihary 
action (Anuturus), by pressure due to the action of the respiratory mus¬ 
cles (Fundtdits), or it may be a part of the true respiratory current 
(Mustelus) 

2 By means of this current dissolved substances m the water are 
brought mto contact with the olfactory surfaces 

3 Fishes distinguish packets contaming hidden food from similar 
‘packets without food 

4 This power of distinguishing the two olasses of packets is lost when 
the olfactory tracts are cut, when the anterior olfactory apertures are 
stitched up or when the apertures are plugged with cotton wool It is 
revived on reopening the apertures by taking out the stiches or removing 
the cotton wool 

6 Muddus and Atneiurus discover their food chiefly thru the ol¬ 
factory sense, Fundulus uses the eyes m addition to the olfactory organs 
for this purpose 

6 Miistelus, Fundulus, and Ameturus use tlie olfactory organs to scent 
food much as land uumals do; these organs are true organs of smell, 
1 e, distance receptors for the chemical sense G H P and RES 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE PHILOSOPHICAL SOCIETY OF WASHINGTON 


The 718th meeting was held on January 18, 1913, at the CoemoB 
Club, President Abbot m the chair; about 36 persona present The 
minutes of the 716th meeting were read and wj^ved 

Mr M D. Hbbbet presented a paper on A meehantcal modd of the 
leaat square adjustment The apparatus exhibited consisted of a meet 
of coordinate paper mounted on a board for the plotting of pomts, a 
light alummum r^, and a supply of rubber elastics and push The 
values under discussion were plotted fay the push pins, allowance being 
made for the unstretched lengths of the elates by which the bar was 
suspended The model was used to show the mechanical adjustment 
of the testa of a mercury barometer, the results were compared with tboee 
by the usual solution ^>f normal equations. The speaker discussed 
methods for weighting different observations, the determination of the 
probable error by the model, and the application of the principle for 
solution of case mvolvmg sevWal unknowns. The paper was discussed 
by Messrs Whits, Rmss, and Abbot. 

Mr H, C Dickinson presented a paper by himself and Mr E F. 
Mubllbb on New ealormetrto reststanee thermometere, descnbing and 
exhibiting tiie improved type of sensitive resistance thermometer devel¬ 
oped at me Bureau of S^dards A coil of 0.1 mm. platinum wire is 
wound on a thin mica strip and enclosed with mica insiwtion m a plati¬ 
num (or silver) sheath pressing firmly on tiie flat cod The upper end 
of the sheath is fused or soldered to a glass tube carrying the leads 
The instrument may be used from — 18(r to 600* The constancy of 
this type IS shown by the fact that for the best of them the resistance 
at 0* has not changed more than 3 or 4 parts per million in three years, 
an amount that may be due to impunties m ice used, errors m resist¬ 
ance standards, or ohanra in the leads. Thermometera of this tyjie are 
now being manufactured commercially. Mr Mabvin dibcussed certain 
details of their construction 

Mr H L Ctibtis spoke on Some properhes cf deetne eondensers. 
A perfect condenser should mamtam a oonstant capacity independent 
of outside conditions, should have an infimte insulation retistaaoe and 
no absorption The problems of construction are mechamcal and eleo- 

S cal; the first Jbemg to keep the plates so they will have the same area 
d be the same dutanoe apart, and the second being the insulation 
resiBtance and the anomahes ot the dielectric. The spMker discussed 
these problems for the air or gas, mica, paper, and glass condenssiw. 

306 
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For the gas dklectno the greater problem u the meohanioal one, while 
for Uie Bohd dielectric the question of anomalies b the more senous 
The ^per was discussed by Mr Qbay with reference to values of 
capMity at different voltages 

The Secretary read communications inviting members of the Society 
to attend the meeting of the Washington Academy of Sciences on 
January 30 at the Cosmos Club to hear an illustrated address, 5om« 
o&servoAofu of the volcano KHauea in actum, by Dr A L Day, and idso 
to attend a meeting on January 27, at the Bureau of Standards to hear 
Professor Maqib of Pnnceton on Our conception of energy 

The 710th meeting was held on February 1,1013, at the Cosmos Club, 
with President Abbot in the chair and 16 persons present ^e minutob 
of the 718th meeting were read and approved. 

By mvitation Mr Alfbbd Lotka presented an illustrated paper on 
A ncUwral popvlahon norm Publish^ in full in this Journal, 3: 241, 
289 1913 The paper was discussed by Messrs Busaiass, Wolfit, 

Burrows, and Abbot 

Under informal communications Mr Abbot spoke of the recent work 
conducted and the results obtamed with the psrrheliometer showing 
that a standard scale of pyrhehometry is noir well established Mr 
Humphreys offered an explanation of the present xmld wmter m the 
Distnct of Columbia and nei^bonng region in that the high pressure 
center usually located m the East Atlantic off Gibraltar has shifted of 
late to the neighborhood of the Bermudas and m consequence we 
receive with southerly wmds the mild manne climate No cause for the 
shift could be assigned. Mr. Kimball spoke of the remarkable dirni* 
nution since June 10, 1912, of the Solar radiation as measured at the 
surface of the Earth, during the six months to December the radiation 
was but 83 per cent of what it had been in previous years at Mt Weather 
There appears to be some relation with the eruption of the Volcano 
Katmai m Alaska of June 6, 1612 A study of the results promises 
to give mteresting light on the circulation of the atmosphere 

The 720th meeting was held on February 15, 1913, at the Cosmos 
Club. Premdoit Abbot m the chaur. 60 persons present 

The evening was devoted to the address of the retiring President, Mr. 
E B. Rosa, on Vhefundtum of rewarch in the regvlatum of natural monop- 
dies Pubhdied m full m this Journal, S: 201. 1913 

The 721st meeting was held on March 1, 1913 at the Cosmos Club 
This meeting was held conjointly with the Washington Academy of 
Sciraoes President Tittmann, of the Academy, presided. There were 
about 200 persons present. 

The Rumt Honorable Jambs Bryob, O M., Bntish Ambassador to 
the United States, gave an address on The phyetcal aepeete of Auetralia 
and New Zetland. The islands of New Zealand are very mountamous 
and tiie scenery of great beauty The clunate is generally moist A 
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large part of the country u suitable for cultivation but because (rf the 
dis^ce from market toe rau^ of rattle and sheep is the mdustry 
most developed. The vegetation is remarkable, particularly the tree 
ferns, which grow to great siie The native Maori people are much 
hke the Hawauans m character and language and are of a very high 
order of mtelligence ^ Australia is quite unhlm New Zealand in its physi¬ 
cal features. The mtenor is a great plain and iS generally quite and 
as the outside fringe of mountains on all sides {nrevents the rams from 
reaching it The presence of copious deep level water makes pi(|l|ble 
the use of artesian wells and much of the intenor may be derjjpHpra 
irrigation The mteresting question as to the source of this deep 
level water was discussed bnefly The flora and fauna are peculiar 
The abongmes are entirely unlike those of New Zealand, being oi negroid 
type and of a very low state of culture. The address was illustrated 
wall maps and lantern shdes 

To express the appreciation of the meeting for the delightful and 
instructive address, the President called for a nsing vote, which was 
unanimous 

The 722d meeting was held on March 16, 1913, at the Cosmos Club 
Vice-President Fibchbr in the chair, 27 persona present The mmutes 
of the 719, 720, and 721st meeti^ were read and approved 
Because of illness, Mr G. W. diwcbb, who was to have presented a 
paper Rdatnonahvp between terreetnal gravity and cbaerved Earth move- 
mente of eastern America, was unable to addim the meeting 
Mr. I O. Pbisst read a paper on A photometne error sometimes acconv- 
panying the use of a pair o/ nicoh, and a proposal for its elimtnatton, 
illustrated with lantern slides. In extoirive optical trams such as occur 
m spectrophotometers and colorimeters the use of a pair of mcols fol¬ 
lowing the simple theory may be unpaired by obhque reflections of the 
plane polanied beam whose plane of polansation u rotated with the 
rotating mcol An example was cited and iUustrated by lantern slides 
and formula riven showing variation of mtensity of beam from propor- 
tionahty to the square of the sme of the an^e $ thru which uialyimg 
mooi IS rotated from the position of " crossed mcols ” A triplet of mcols 
m tram instead of a pair is proposed with end mcols fixed and middle 
one rotatmg, m which case, with principal planes of end mcols parallel, 
the intensity is proportional to sm*9, and if perpendicular, to rin* 0eo^$ 
Trouble may be more simply eliminated by using only a prir of mcols 
but rotating the polanser instead of the analyser, provided the beam 
mcident on polariser is entirely unpolatued The paper waa discussed 
by Messrs. CoBLims and Tilltub 
Under informal commumcations Mr. W. Bowu presented a paper on 
The precise level net ^ the Vmted States, jnving the results of the recent 
adjustment by the Coast and Geodetic Survey of the different dreuits 
of Ibe precise leveling net of the Umted States. 44,720 Uometers of 
leveling have been run in two directions and about 10,700 permanent 
bench marks have been placed in all but seven states The values 
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rauHiiig finnn the adjustment will probably be held as standard eleva¬ 
tions for an indefinite time and be cd great booefit to surveyors and 
engineers New circuits will be fitted to the old levelings as, while they 
wmild theoretically give new and bettor values, the changes would be 
small as regards {sra^cal use The paper was di^ussod by Messrs C 
A Brigob, Rqoob, Wbiqht, Huiiphrstb, and Sobuan 

Mr. W J HuMPHftHTB presented an illustrated paper on Factors tn 
dxmoHc ehangea in the poet The suggestion that the important factor 
has been the presence of veils of volcamc dust in the atmosphere was 
made m a revised form. Considerations of the material, density, and 
Bise of particles of volcanic dust show that interference with ingoing 
radiation would be five or more times that on outgoing radiation, which 
would mean lower [temperature CalculationB show that one-tenth 
eubic mile of dust would account for a glacial period 

The 723d meeting was held on March 29,1013, at the Cosmos Club 
President Abbot in the chair, about 40 persona present The minutes 
of the 722d meeting were read and approved 

Mr L W Austin presented a paper on Recent expenmenta in radto- 
tdegraphy Owing to non-receipt of data from S S Salem giving results 
of tests between the Arlington station and the Salem while en route to 
and from Qlbialtar the speaker could not report on this work as he had 
expected The results of the United States Navy experiments of 1009- 
10 were reviewed and formulae discussed The high power station at 
Arlington was briefly desenbed. In it are incorporated the suggestions 
and ideas developed m the 1009-10 work. It differs from most high 
power stations m that it has a three tower arrangement for antennae 
instead of the more usual umbrella type, one tower is 600 feet and the 
other two each 460 feet high Ground resistance has been practically 
eliminated by grounding with copper net—^this was found to be essential 
and mAkes no difference m the radiant energy The seasonal variation 
of received signals was discussed—the energy received dropping during 
the summer Difference m ease of transmisdon during day and night 
was pointed out, day conditions are generally more constant while at 
night there are great fluctuations Discussed by Mr. Baubr as to greater 
ease of transmission along magnetic meridians, by Mr Abbot as to 
magnitude of difference between day and night conditions, by Messrs 
White, Humphbbtb, and Wolff as to the calculations at Arlington 

Mr. F A Kolstbb spoke on National and intematumal regulatwn of 
rad^oecmmwneatum The uses and chief purposes of radiocommumcation 
are protection to life at sea, aid to navigation, cwnmumcation between 
ship and ship and shore, and^aval and miht^ operationB. The first 
regulation conference held m 1906 in Berbn was due largely tp attempts 
imde to monopolise the business and the great amount of mterferenoe 
due to amateurs At the second conference held in 1912, in London the 
discussion was practi<»dly confined to matters relating to operation of 
appwatuB Intmerence can be best avoided by restricting use of wave^ of 
definite lengths for dAfinlte purposes, e.g, wave lengths b^ween 600 and 
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1600 meten are used only for naval and nulitaiy purposes In most 
foreign coimtnes amateurs are not allowed to operate; m the Umted 
StatM they may do so but are restricted to the use of wave less than 
200 meters m length The speaker read and discussed at length some 
of the regulations The next International Conference will be held in 
Washington m 1017 Paper was discussed by Mr. Bown as to impor- 
tance of radiotelegraphy m the determination of longitude on islands 
and m unexplored regions; also by Mmsrs BatteBi Rinbs and Abbot 
Mr Baveb told of the receipt at Salab, through the courtesy of a French 
officer, of tune wgnftlw by tne magnetic party orossing^ the Sahara, the 
signals being received directly from Pans, 1600 miles distant 

J A Fueminq, SecrOary 

THE GEOLOGICAL SOCIETY OF WASHINGTON 

The 267th meeting was held on March 12, 1913, at the Cosmos Club 

The following informal communicatioiis were presented An awr- 
tkniat fault tn mtntalure from Montana G. S. Roobbs; Some new occur¬ 
rences of alunite F C Schradbb 

REaULAB FBOOBAM 

Geology of a portum of Northwest Alaska (Illustrated): Philip S 
Suith; a PUieuicene cam tn Devon%an Ivnestone near Cumberland, Mary¬ 
land J W. Gidley 

The work of the Alaska Radroad Commreston Alpbbd H Brooks 
In accordance with an act of Congress, approved August 24, 1012, 
President Taft appomted on August 31 the Alaska Railroad Commission 
as follows Major J. J Morrow, U. S Army, Chainnan; Alfred H. 
Brooks, U. 8 Geolomcal Survsy, Vice-Chainnan, Lieut >Cominander 
Leonard M Cox, U S Navy, Collm M IngersoU, Consulting railway 
engineer. New York City. 

The Commission saiM from Seattle, September 10, and spent some 
two and a half months m field invesUntions. The work mcluded an 
examination of all the harbors on the Pacific seaboard of AlA«kA. which 
have been suggested as coastal terminals, also all the exisUng railwayn 
of central Alaska The journey was eortended to the lower Susitna 
Valley, and later to Fairbanks by the winter trail which follows closely 
one of the proposed railway routw mto the Yukon basin 

The Commission be|m its office work on Deoonbw 2. This included 
a careful analysis of afi the engineering data available regarding aIoaW 
railway routes, aggregating some 3000 miles in length. Onuie basis 
of this mforznation estimates of construction and operating costs were 
made for some sixteen different lines A fairly compraenave study was 
also made of the data relating to the resources of central Alaskik indud- 
ing minerals, agriculture, forests, and water power. The work of the 
Commission included a consideration of the mdstnig transportation 
conditions m Alaska, together with statistios on oommeroe. Climate 
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mu} fluinbution of populatiw weie tiao among the subjects investigated. 
The report was submitted to the President on Januaqr 20,1913, and has 
smoe been published under the title, Railway Rotdm tn Akuka Docu¬ 
ment No 1346 H. R. 62d Cong., 2d Session, 172 pp., 1013 The maps 
and profiles were submitted on March 1,1013. '^ese are now in pnnt 
as Part II df the report 

Ralph W. Richards, Secretary 

The 268th meeting was held on March 26, 1013, at the Cosmos Club. 
At the session of the council preceding the open meeting the following 
members were elected delegate to represent &e Society at the meeting 
of the International Geological Congress at Toronto, August 7 to 12, 
1013.—F L Ranboub, David Whitb, J S. Dillbb, E O Ulbicii 
.The following infonnal commumoations were presented: A discovery 
of gypsum and anhydrite in adnllholeat CeniemUe, Iowa F C. Orbrne 
Niter near Mdrose, Montana Ralph W. Richards Niter is found 
as thm crusts on the surface of black hmestone presumably of Devonian 
age on Camp Creek about 3^ miles northeast of Melrose; it is also dis¬ 
seminated m veinlets to a less extent thru the rock The purest salt 
occurs as a snowy white to slightly yeUow mass of needle-hke crystals, 
m the loose rock talus at the base of ledges. About 86 per cent of the 
mass is soluble in water, the soluble portion has been analysed by R H. 
Bailey end the following results obtained 


Calcium flulfate 

13 94 

Hodium Bulfate 

330 

Sodium oblondc 

20 42 

Sodium nitrate 

21 77 

Potaseium nitrate 

30 48 


The nitrates make up about 61.26 per cent of the total water soluble 
portion An attempt was also made to determme the mter present m 
the limestones, the water soluble portion was found to range from 1 to 
5 per cent. 

RBOULAR PROGRAM 

Quaternary problems of central Alaska Henrt M Eakin. The pres¬ 
ent drainage of Aladca is evidently supenmposed upon an older topog¬ 
raphy whose drainage had bttle resemblance m arrangement to that of 
today This is shown by the topographic irregularities of the vaUeys 
of the present master streams that were developed, m part at least, m 
Quaternary tune, in the irregular distribution of alluvial plains that 
represent old erononal depresttons, and in old valleys that are now 
traversed by inadequate streams or are entirelv abandoned. The 
assumption of crus^ movements to account for these features is pre- 
duded by the irregularities of the lowland baams; by the flood phuns of 
tributaries m reaimes where the trunk stream has no flood plam, and in 
the vdkie aocordanee m devation of high terraces and sdt depomts 
The hypothesis advanced mvolves the ponding of water in the old 
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dninoge bsams by glacial obctraotica. the eetabbshnient of drainage 
hues acitM the lowest available divides, uid the topographio adjustmont 
of the present river systans The mmntniiin known extent of ice in 
late geologie time is inadequate to the requirements of this hypothesis, 
but data bearing on this point are moomplete. 

Igneoua rotkt of the Raton Meaa Region. J. B Mbbtib, Jb The 
mesas near Raton, New Mexioo, have resulted from the differential 
eSeet of erosion ijy^ a senes of lava flows and the surrounding sedi¬ 
mentary rooks 'Ae vuloanism began m post-Eocene time and con¬ 
tinued mtenmttently to recent tune The oldest flows cap the highest 
mesas, thus preserving the original land surface over wUoh they spread; 
while the latest flows lie m the present lowlands. Four series of flows 
have been recognised on the btuu of eromonal* unconformities which 
separate them The first or oldest senes is composed of numerous 
fismire flows of great thickness and originaily of peat extent. They 
are uniformly ohvine basalts. The second series is not matemdly dif¬ 
ferent from the first. The third series contains a variety of rook types, 
among which hornblende hyalorhyolite, legerite trachyte, aurite ande¬ 
site, hau}me basalt, basonite, quarts basalt, and non^ oh'me basalt 
have bem recognised. Many of these flows came from central vents, 
and most of the resultiitf ro^ types show greater or less amounts of 
^ass The flows of the fourth smea have come m every instance from 
volcanic omiee of the central type and ate umfoimlv idaw in character. 
They are, so far as observed, normal olivine basalts 'Ae dyke rocks 
of the area include knaantites, vogesites, eamptomtes, limburgites, and 
nephelinitee 

The results of the mvestitttion show a gradual change from the 
fissure to the central type of eruption, an increasing viscosity m the 
lavas accompanied by ei^osive voloamo actum, and the devriopment 
of ndmerouB extreme rook types, or magmatic end products All these 
phenomena are mterpreted as the results of dying voloamo activity 

Remarks on the geology of the Bahama I^ande, and on the formatum of 
the FUmdean and Bahaman o<Mes Thomas Watland Vauohan The 
author gave a brief rfisum^ of some studies he has conducted during the 
past seven years under the jomt auspices of the Umted States QeoUi;ioal 
Survey and the Departinent of Marine Biology of the Carnegie Insti¬ 
tution of Wariiington The remarks on the geolo^ of tiie Bahamas 
were based on observations made and material coUeoted by him as a 
member <A an expedition conducted 1^ Dr. A Q. Mayer of the latter 
organisation, dur^ last April and May. 

^e subrngrine and subaerial topographic features of the Bahamas 
were described briefly. The genem country rook, across the Great 
Bahama Bank from Gun Cay to Northwest Passage and that of New 
Provmce and Andros islands, is oolite sunilar to the oolite of Florida. 
Along the windward faces of the islands ndges of wind-blown material 
risug above the lower platfonns are usual. 

The studies of Dali, Sanford, and the author, in ansociatinn with 
Geo C. Matson, led to the opuion that the finriy divided calcium car- 
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bonate ooms bo abundaat in Florida -wnteiB are ehemioal prempitateB. 
Drew showed in 1911 that denitrifying bacteria are an importaat A pmt 
in effecting this predpitatum in Florida watetB, and in 1012 to urtonded 
hiB reB oa rdieB to the Bahamas, where he found them enonnoudy abun¬ 
dant and active, as many as 1M,000,000 bemg found m 1 oo. of surface 
mud on the west side of Andros Idand. S^ey in 1858, Harting in 
1871, and Lmck in 1908 (and perhaps others), showed that oi^um 
oarixmate ineoipitated by an allw forms sphe^tes; and Di^ noted 
a similar tendency of the calcium carbonate premidtated on ^ cul¬ 
tures Murray and Irvine showed that at hi^er temperature chemi- 
cdly precipitated calcium carbonate is of the aragomte form 

Bahaman shoal water bottom muds were coUected at many stations, 
especially through South Bight and off its west end Tlie muds when 
collected were not observed to contam oohte grains, altho these may 
have been present and may have escaped notice, but all l^e muds when 
examined at the end of November did contain such grams, which ranged 
from sphenihtes 0 004 or 0.006 mm in diameter, to grams of ordinary 
size, 0 10 to 0 80 mm. m diameter The muds are composed of a 
mixture of aragomte and caloite. In order to test the growth of the 
pains, samples of a number of muds were strained throui^ No 10 
bolting cloth, which has a mesh of about 0 13 mm. in sue, and the fine 
material was put into bottles containing sea-water. During the first 
half of March a portion of each samide was studied The formation 
of oohte grains was found to be m progress in every sample, and numer¬ 
ous grains were so large as manifestly to preclude their having passed 
thru the mesh of the bolting cloth The expenments demonstrated 
both the mcrease in the number of spheruhtes and the increase m the 
sue of the grams The precipitated calcium carbonate may segregate 
around a vanety of nuclei, for instance, sphenilites formed of precipi¬ 
tated calcium carbonate, small grams of sand, shells of foranunifera, 
and mw-bubbles. 

Al^ there is need for additonal study of the factors tiiat accelerate, 
retard, or inhibit the formation of sphenihtes and the growth of the 
grains, thh empirical facts in the process of the formation of the Flondian 
and Bahaman oolites are demonstrated Thay are as follows (1) De¬ 
nitrifying bacteria are very active m toe shew waters of both rwons 
and are preoipitotmg enormous quantities of calcium carbonate which 
is largely aragonite; (2) this chemically precijMtated calcium carbonate 
may form spherulitM which by accretion may become oolite grains of 
the usual rise, or it may accumulate around a variety of nuclei to build 
such grams i ^ 

Two important deductions mav be made from the knowledge of this 
process, viB. (1) Neither the Bahamas nor the oohtio keys of southern 
florida are coru island, tot they have been formed by this other 
jwocess. Elevated coral rock is exceeding scarce in the Bahamas and 
the recent reef of Andros is comparativmy insignificant as a construc¬ 
tional geol^c agent. The material composing the land maasas and 
much of toe submarine platforms of the Bahamas are thus removed 



301 


PROCEEDINGS ANTHROPOLOGICAL SOCIETT 


from the category of “coral rock" and the living reef reduced to a sub¬ 
ordinate ratio as a builder of limestone (2) Drew’s unfortunately 
inoompleted studies of the distribution of denitnfying bacteria have 
shown them to be most prevalent in the shoal-waters of the tropics 
They thnefore conform to the principles enunciated by Murray for the 
distnbution of lime secreting organimns By combining the results of 
Drew and Murray, the deduction seems warranted that great limestone 
formations, whether they be composed of or^amc or of ohemioally pre¬ 
cipitated c^cium carbonate, were laid down in waters of which at least 
the surface temperatures were warm, if not actually tropical. 

Frank L Hess, Secretary 

THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 

The 466th regular meeting of the Anthropological Society of Washing¬ 
ton was held m the National Museum February 18,1013, the President, 
George R Stetson in the chair 

Professor W H. Holmes read a paper on AgncuOunl tmplemente o/ 
the mound-buildere. The noh alluvial praine of the middle Mississippi 
valley IS especially suited to the practice of aipoulture, and here are 
found large numbm of skillfully n^e flmt blades of large sise adapted 
to hafting as hoes and showing unmistakable evidence of long usage 
in operations that gave the edge a high degree of poUsh They are made 
of ^yish flint or chert, which occurs m the form of flattish nodules 
especially in southern Hlmois. These nodules were readily shaped by 
fracture with stone hammers, and vast numbers were worked up by 
the mound-buildmg tribes l^e processes of manufacture were demon¬ 
strated by the speaW and it was shown with what ease and rapidity the 
blades could be made 

It was also shown by examples obtained from the Missouri nver tribes 
that hoes made of scapulae of the buffalo were m use m veiy recent 
tunes and that the hoes found by excavation in ancient sites near Omaha 
correspond to these recent Indian forms in shapie, manner of haftmg, 
and surface polish, and that both diqilay, altho In bone, precisely the 
same kmd of polish and marlongs as the similarly shaped hoes of flmt 
It was suggested that these flmt hoes were modeled after scapular hoes, 
since these were m ^eral used by the tribes and have doubtless been 
in use from very early tunes among all the tribes advanced to the seden- 
ta^ agriculturu sta^ of culture. 

With regard to questions of the antiquity of the stone and bone hoes 
which have recenti^been raised, it was sunested that smee the buffalo 
was a comparative reemt arrival m the MiasiasiiqM valley, a culture 
m which the bones m buffalo are represented must to younger, not older, 
than that of the mound-builders, since no traces or r eprese ntations of 
the buffalo are found within the oldv Indian mounds 

Ihis paper was bnefly diBoussed, Mr Stetson read some notes con¬ 
cerning st^e articles reoently foimd in Britam, and Professor Holmes 
commented thereon and then rvad a iMiper on the Scope and rdaktm^tp 
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cf kuiory and archaedogy, in abstract as follows. The term history as 
am>lied to the Human race u a oomprehenuve designation oorreqiQnduig 
to Anthropology which is defined as the science of man. According 
to Powell’s classification Anthropology may be considered imder seven 
heads mving rise to as many branches of research, as follows Somatology 
psychology, philology, sociology, sophiology, technology, and esthet- 
ology. > 


lie records or sources of information to be drawn upon m these 
researches are comprised under two principal heads* Inteational or 
purposeful records, and non-mtentlonal or fortuitous records 
llie mtentional records are of five forms (1) The pictorial—^picto- 
graphs, (2) the commemorative—monumentid structures, (3) ond— 
traction and lore, (4) objectivomnemomc—quipu, wampum, (S) 
inscribed, written— gl^hic, alphabetic Fortmtous records take numer¬ 
ous forms: (1) The diversified material results of human activities m 
which the oommemorative-nuiomomo motives are absent but which 


comprise the great body of the products of handicraft, (2) the immat erial 
results of human activity as embodied m language, beings, customs, 
music, philosophy, etc , (3) the evcff eousting unpremoditat^ body of 
mnnories which accrue to each gonoration and are m part transmitted 
adventitiously, (4) the record embodied in the physical constitution of 
man which when properly mad, tolls the story of his development from 
lower forms, (6) the records of mtdleotual growth and powers to be 
sought and studied m the constitution of the mind, (6) the environments 
which may be made to reveal the story of the nurture and upbuilding of 
the race throughout the past 

It IS from these divenmed records that tho story of the seven grand 
divisions of the history of man must bo drawn. Archeology stands 
apart from this classification of the science, traversing m its own way the 
entire field of research It claims for its own more especially that which 
IS old or ancient m this vast body of data It is even caUod upon to pick 
up the lost Imes of the earlier wntten records os with the shadowy b^n- 
nings of ^[^luc and phonetic wntuig and restore them to the historian 

It must follow back the obscure tnw of tradition and substantiate or 
disoedit the lore d the fathers It must mterpret the pictorial records 
inscribed by the ancients on rock faces and cavern walls Archeology 
IS thus the great retriever of history 

The services of orcheologic science are equally potent in the field of the 
fortuitous records for it reads that which was never intended to be read. 
The products of human handicraft, present and past, which have auto¬ 
matically recorded' the doings of the ages are made to tell the story of the 
struggles, the defeats, and the^tnumph of humanity The fortuitous 
records embodied in the non-mstenal products of man’s activities of 
today, are made to cast a strong hght on the history and significance of 
the xnatnial things of the piast. Even the body of knowledge gathered 
from many sources, stored m the memory of t^ living, ma^ be made to 
iU inwinA tha past: and the phyaical and peychicid man are m themsdves 
records and may be made to t^ the story of their own becommg and to 
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eocdain the Mtivitiee and the im>duots of aetivlty thnioat the agH< 
AJl that aroheolo^ gatben hrom this wide fidd of researeh is oo mtd b n ted 
to volume oi written history. It is thus not only the retriever of 
that which was treasured and lost, but also the savior and oonservfttor of 
vast resources of history of which no man had previoualy taken heed. 

In the gre^work of assembling the scattered pages and oompletiiig 
the vdume <mbie history of man, arohedogy may vf^ claun first place 
amimg the contributing soienceB. 

This paper was diwwissed by Messta Caaonowios, Carroll, Swanton, 
Stetson, Hewitt, and others. 

The 467th regular meeting was held on March 18, lOlSK the 
National Museum, the Preadent, Mr. Stbtboit m the chair. 

Dr. John R Swanton read a piyier on TheCredtetmfedmiey. After 
explaimng the geographical and unguistio positionB of the tribes of the 
Creek oomederaoy wiw the assistanoB of a m^p, Dr. Swanton traced the 
evolution of tiie confederation from a small nucleus of tribes speakmg 
the Muskogee language to a large association, comprising a number m 
Hitchiti spealdiig ^ple, the Alabami^ Koasati, some of the Apalachee 
and Yamasipart of the Natohes, the Yudu, ana, for a time, some of the 
Shawnee He showed that this aaeooiation was facilitated thru the insti¬ 
tution of a dual divudon of towns into white or peace towns and red or 
war towns, the towns of each divisioiu or '*fiie,” oondden^ eadi other 
friends or allies and having opposing but not warliks relatioiis with tiis 
towns of tbs other "fire.” It thus happened that when an outdde town 
or tribe came to be accepted as a “inend” of one of the white or red 
towns m the confedoraoy its position with reference to all of tiie other 
white and red towns was thus established and it entered mto the confed¬ 
erate Boheme. The communication <4 other common features to the 


new towns also took place, altho more slowly. Such features were the 
"green com dance” or busk, or perhaps ratiiv the Muskogee form of it, 
pwtioipation m common dtho irr^l^ councils, and the adoption of 
Muskogee is the standard language d intsrcommimcation The actual 
disoontmuanoe of the proper lanigpia^ of the various members ofthe 
eonfederacy was, fortunatdy for the ethnologist, much slower, several 
of them having pendsted down to the present day Thru thejiro y ea d ve 
adoption of smaller tnbee and the practical destruction of some m war¬ 
fare, a process accelerated by wlute contact, the Credc confederacy 
came to m almost the sole repreeentative of eastern Mudchogean culture, 
andfevm mfiuenced the culture of the Chickasaw to a marked degree. 
The great Choctaw body, on the other hand, maintiuned its oultural 
mdepimdence and was never dominated by the Credts. In sharp con¬ 
trast to the Creeks, whose national structure was buiH up fitting 
numerous distantly related tnbee into an artificial fraternal sdhi^e, the 
Choctaw seem to have owed their sense of umty to an actudl homo- 
genmty m the Choctaw population, the occupancy d a common area, 
and the necessity to resist common enemies. They preserved perlum 
the simphoity d outtuie existing among all Muskhogsan Timiiaim m 
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tfanM long anterior to the formation of more oomplioated aaeooiatioiiB 
or ooaMhdNadee. 


A special meetinff ci the Anthropologioal Society of Washington waa 
held March 26Jl913inthe National Museum, the nerident, Mr. Stetson 
m the chair. Profeesm OnoBaB Qiuvbb MaoCubdt read a paper on 
Ancient mon, ku envirmmml and hit art. This paper dealt with the 
environmental factor in human development. Ine newly discovered 
human remains from IMltdown, SusseiL and their significance. Recent 
finds in the terraces of the Somme Valley The Stm Imdio Valley de- 
podte near Madrid. Torralba, a large camp nte in the Frovmce of 
Soria, Spam, where a rude stone industry associated with an ancient 
fauna has bean found. Caves of the TaImiH of Jersey occupied by Moue- 
tenan man. Typical oaves and rook shelters of soutiiem Fnmce: La 
Quina, La Ferrassi^ Placard The ait of the cave man m Sp^ and 
france. Altamira, Castillo, La Pasiega, Covalaaas, Plndal, Font-de- 
Qaume, Cap Blanc, Niaux, Gargas, Lau^, Alpera, Cogul. Represen¬ 
tations of the human form La Ckmbe, a cave m the D^ogne excava¬ 
ted last summer by Professor MacCurdy. Tuc d'Audoub^, a Pyre¬ 
nean paleolithic cavern of great beauty (UBCovered last July, its parietal 
art and unique figures of the Bison modeled m day Paleohtnio art 
m its relation to magio; some of the causes which led to its devdopment 
and eventually to its decay. 

The paper is based largely on first hand obeervatioiie made during 
the past summer. The lantern slides reproduce faithfuUy in color the 
remarkable paleolithic cavern frescoes. The epochs covered by the 

K per, beginning with the oldest, are* Eohthio or pre-Chdlean, Chd- 
n, Acheulian, Moustenan, Aurupaoian, Solutrean, Magdalenian, and 
Asilian. These are ail pre-NeolithicT. 


A roecial meeting of the Anthropologioal Society of Washington was 
hdd April 1, 1913, at the National Museum, the President, Mr. Stbt- 
soB, in the duur. 

Dr. J. H. Gobb, who returned recently from a visit to the King of 
Siam, read a paper on Stamete l^e and tnduttrttt illustrated bv lantern 
slides. Hejdesonbed the Siamese basketry, mattmg, textile labnos of 
silk and other material, also the bronse vessels, silver vessels, and ex- 
odlent hammered silverware, the method of produomg the latter being 
to fill a silver vessd with sand and hammer m the surface from the 
outside to form the ground, leaving the decorative human figures in 
series (b»de other ornaments) m high rehef. Usually the figures reiv 
resent some mytholomcal story^ Dr. Gore’s lantern pictures mcludM 
farmpsoenes, iUustrauons of games, festivities and. elmhant-oapturing 
and views of the city of Bangkok, the aquatic human life of its rivers 
end canals, the jialaoe, imperial crematories, and temples, including 
a beautiful ro^ cavern temple. 

The chief resources of the country are the teak-srood forests and 
rice culture, most of tiie ihips<deoksof the world being supplied from the 
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former now managed by an expCTt foreatar, whde the export of noe u 
great, about seventy noe nulla of modem equipment being o ra ted 
m Ban^ok, beetdee a large amount of aumlar work whioh is oone 
more pnnulave methods apphanoes throughout the oountry The 
•oil IB exceedingly fertile in t^ mam valley of the kmgdom There 
are about eighty miles of good roads around Bangkok the streets 
of the oity are well made, modem street-car Imes runniim on some of 
them but the remamder of the country is practically without roads 

The late king whs notable for many enlightened reforms, suoh as 
freeing daves rdmquiahmg the royal ownersbp m the land m the favor 
of those who had been long m oocupaniy and use of it, waiving the 
exemption of the ro^ lands from taxation and compiling and publiah- 
ing an edition of the Buddhist Benpture4 which he supphed to the 
hbranes of the world 

The mbabitants of Cambodia are of stock similar to the Siamese, 
but arc regarded by them as inferior Their language is akm to the 
Sansent The human una^ before their temples are not idols, but 
for ornament There is a name-hke upward aspiring tendmoy in their 
decorative work No magical or religious imj^rtance la attached to 
white elephants, so called, which are ^bmoes white only m patches 
they are regard^ as ounosities and as such are given to the ki^ 

The 468th r^ular and 34tii annual meetmg of the Anthropologioal 
Society of Washing^ was held on April 16tn, 1913, at the National 
Museum, the President, Mr SrarsoN, m the chair 

The mmutes of the last preceding annual meeting were read and 
ajmroved 

Obituary notices were presented as follows Miss Ahoe Fletcher for 
Miss barab A Scull, Mr F W Hodge for Mr W J McGee, Dr Lamb 
for Dr Robert Fletmer 

The foUAraig officers whre elected and mstalled for the ensuing year 
President GBOans R StbIuor, Vice-President, Dr John E 

SwANTON, Secreflwy, Dr Damul Foudcab, Treasurer, Mr J N B 
Hhwitt, Councillors Mr GnoBaRC Mavnard, Mr Fimnc Nbuicann, 
Dr I M Cabanowick, Dr E L MoBOANandMr FranciisLaFlbschb 

Invitations to meetmgB of the National Academy of Scifioes and of 
the German Anthropologioal Association were presented and accepted 
with thanks 


Wm H Babcock, Secretary 
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ASTROPHYSICS .—The variaiion cf the mm. C. G. Abbot, F. 

E. Fowls, and L. B. AliDRICH^ 

In the year 1002 prehminaiy experiments were begun at Wash 
ington to determhie the solar constant of radiation. About 700 
determinations of it have now been obtained, depending on obser¬ 
vations at altitudes ranging from sea-level to 4420 meters. As 
originally devised by Langley we determine spectral energy inten¬ 
sities and atmospheric transmission coefficients for numerous 
wave-lengths between about 0.30m in the ultra-violet and 2.6m 
m the infra-red, by spetctrobolometric observations at hi^d^ and 
low sun The indications of the spectrobolometer are reduced to 
the standard scale of calories per square centimeter per minute 
by means of the readings of the pyrheliometer. 

At the time when the observations were begun in 1902 there 
was no satisfactory establishment of the standard scale of pyr* 
heliometry, nor indeed any pyrheliometer which was invariable 
relatively to itself from year to year. We at hrst made use of 
a modifidlation of Tyndi^’s mercury pyrhehometer. This was 
improved in 1006 as the copper dii^ pyrheliometer, which has 
bera m use on Mount Wilson ever since, and which is described 
m volume 2 of the Annals of the Aatropkystcal Observatory. A 
still later improvement too]( place in 1910 with the introduction 
of the so-called '*Silver-Di^ Pyrheliometer” which has attained 
considerable favor, and which is now in use in numerous countries. 
Neither of these instruments is capable of yidding independently 

> Publiihod by poniiMion of the Seoretary of the Bmithionian Inetitution 
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the standard scale of radiation, but they possess the valinble 
quahties of simphcity and of being constant from year to year. 
Beginiung with the year 1903 and extending until the end of tiie 
year 1912 we have repeatedly devised and expermented with 
mstruments to fix the standard scale of radiation. Three of these 
instruments (called Water-flow Pyrhehometers Nos. 2 and 3, and 
Water-stir Pyrheliometer No. 4) have been tested with satia- 
factory results which are stated in a pubhcation by two of us.* 
We are now satisfied that the measurements made since 1008 
can be reduced to the standard scale of radiation to within 1 
per cent. 

Measurements of the solaiP constant of radiation were begun 
at Washington, practically at sea-levcl, and were continued when 
favorable opportunities presented themselves from October, 1902, 
until May, 1907. Measurements were begun on Mount Wilson 
in California (elevation 1730 meters) in 1906, and have been con¬ 
tinued with the exception of 1907 during about six months in 
the year m each of the succeeding years. Expeditions to Mount 
Whitney in C^alifomia, altitude 44lk) meters, were made in 1908, 
1909, and 1910. Expeditions to Bassour, Algeria, altitude 1160 
meters, were conducted in the autumn of 1911 and the summer 
of 1912. In all 696 complete determinations of the solar constant 
of radiation have been made, and still others are unreduced. 
The differences found between the results at different elevations 
ue very small, and seem attributable rather to experimental error 
or slight atmospheric irregularities than to any difference of ele¬ 
vation. The mean of all these 696 determinatioiis made princi¬ 
pally between the years 1905 and 1912 is 

1.932 calories per square centimeter per minute. 

Subject to the possibihty that there may exist ultra-violet rays 
of appreciable intensity beyond the wave-length 0.29/1, which are 
cut off by the absorption of oxone from reaching the earth's 
surface, we bdieve that this value represents the intensity of the 
radiation of the sun as it would be found in space at the earth's 
mean solar distance for the epoch 1905 to 1912. 

*See "SmithMiuan Pyrheliomrtrjr Raviaad,” Smithaonuui MlioeUaocoua Col- 
leotiona 60 no 18 1013. 
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In the yw 1903 we found indications that the radiation of 
the sun is not constant from day to day.* It has been a main 
object of the work to ascertam if these apparent vanations of 
tile sun are really solar, or are due to some accidental or atmos¬ 
pheric influences not fully eliminated. As early as the year 1010 
it had been shown that practically equal solar-constant values 
were obtamed on good da 3 r 8 at searlevel, at 1730 and at 4420 
meters elevation, and it had been shown that the apparent fluc¬ 
tuations of the solar radiation found on Mount Wilson from day 
to day marched by regular step>s from hifdi to low values and 
return, not fluctuating wildly as they would have done had they 
been due to experimental error Accordmgly it seemed from the 
first consideration (namely that altitude did not appear to affect 
the results) that the atmosphere was not the cause of the fluctu¬ 
ation; and from the second consideration (namely, that the values 
marched step by step from high to low or race versa) that it was 
not an accidental fluctuation Hence, the most probable con¬ 
clusion was either that the radiation of the sun is actually vari¬ 
able, or that some meteonc or other matter, by interposition 
between the earth and the sun, alters the quantity of the radiation 
received at the earth from day to day. The fluctuations appeared 
to be of irregular magnitude and period, often ranging through 
5 per cent or more, in an mterval of seven or ten da3n9. 

However probable the result just stated might appear, it could 
not be fully verified without carrying out the observation simul¬ 
taneously at two stations widely separated on the earth’s surface, 
so that no local atmospheric influence could be supposed to affect 
both stations at once. This extension of the work was made 
possible by the Algerian expeditions of 1911 and 1912. Solar- 
constant determinations were made nearly simultaneously at 
Mount Wilson, California, and Bassour, Algeria, separated by 
about one-third of the circuq^erence of the earth A difference 
of time of about ei^t hours generally occurred between the 
obsovations, but inasmuch as the apparent fluctuations of the 
sun seldom reach 1 per cent in a day, this difference of eight 
hours Hp emH not much prejudicial to the comparison. 

' Sm Attrophyaioal Jourail tS 806 1003 
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We were eomewhat unlucky in our expeditions. In 1911 a boR 
containing the bolometer and other necessary parts was ddayed 
one month in reaching Algeria, so that a long period of good 
weather in August was lost. Also the months of Sqitember, 
October, and November, 1911, proved lees favorable than usual 
at Mount Wilson and less favorable than had been hoped at 
Bassour. Thus the number of days in 1911 in which good obser¬ 
vations were secured in both places was rather small. In the 
year 1912, although the sky was generally cloudless, the eruption 
of the volcano of Mount Katmai in Alaska of June 6 and 7 so 
filled the sky with haxe, bo^ at Mount 'Vi^Ison and at Bassour, 
that a great many days of J^y and August were rendered unsuit¬ 
able for comparison between the two stations Thus it occurred 
that of 75 days m which observations were secured at both sta¬ 
tions m the years 1911 and 1912, only 48 were found good enough 
for satisfactory comparisons of the solar constant values obtained. 

For the purpose in view namely, to show whether the apparent 
fluctuation of solar radiation is due to something outside the 
earth, it is immaterial whether the days of observat on are con¬ 
secutive or not It 18 only required to know whether, if high 
values are found at Bassour, hi^ values will occur on the same 
day at Mount Wilson, and, if low values are found at Bassour, 
low values will be found on Mount Wilson. It matters not whether 
the days in question be found in one year or another, provided 
that they be numerous enough to exclude the probability that 
an agreement, if obtained, is owing wholly to chance. 

The accompanying illustration gives the results of all the days 
found suitable for comparison between Bassour and Mount Wil¬ 
son Ordinates are solar constant values as obtained at Mount 
Wilson, abscissae are solar constant values as obtained at Bassour. 
Circles represent the results of days of the year 1912, and crosses 
represent the results of days of the year 1911. If the solar radiar 
tion had varied, and all determinationB of it had been free from 
error, the points must all have lain upon the straight line mclined 
at 46 degrees to the axis. As it is impossible that results shall 
be entirely free from error, we must expect that the points repre¬ 
senting individual days will be well represented by ^e 46 d^pree 
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line if the sun is variable, but will fall umformily distnbuted about 
one pomt on that line if the sun’s radiation is constant There 
18 no difficulty in deciding that the line and not some sin^e point 
of the line best represents the results here given. 

The variation of the sun shown between the extreme obser¬ 
vations amounts to 11 per cent, and many observationB umte m 



showing a variation of 7 per cent. The average deviation of the 
separate detenninations at Bassour from those of the same days 
at Mount Wilson is 1.6 pervsent * 

Hence the average deviation of a single day of solar-constant 


measurement at one station will be 



1.1 per cent, and the 


probable error of a single solar-constant measuranent at one 
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station will be 0.9 per cent. Had the condition of the sky in 
1912 been free from the haze which prevailed owing to the vol¬ 
canic eruption of Mount Katmai, we beheve the probable error of 
the separate determinations of 1912 would have soarcely reached 
0 5 per cent 

It will be seen that the measuranents of 1012 are on the wer- 
age above those of 1911, at both stations The difference lA2- 
1911 IS 0.03 calories per square centimeter per minute. This m 
itself may be regarded as an mdioation of the variation of the 
sun depending upon nearly twenty days of observation in 1911 
and about thirty days of observation of 1912 

In further study of the variation of the sun we have compared 
the mean solar-constant values obtained on Mount Wilson for the 
different months of the years 1905 to 1912 with the monthly 
values of the sun-spot numbers as published by Wolfer, We find 
a fluctuation of solar radiation in the sense that when the sun¬ 
spot numbers are high the solar radiation is high and vice versa 

It 18 also indicated that when the solar radiation is increased 
the mtensity of the violet and ultra-violet rays of the solar spec¬ 
trum (as it would be found outside the atmosphere) is increased 
with respect to the intensity of the red and infra-red 

Again it seems to be indicated that when the solar radiation 
is high the contrast between the brightness of the centers and 
edge of the solar disk is greater than normal. 

These and other results of this long investigation are published 
with details m volume 8 of the Annals of the Aslrophysieal Obaer- 
votary of the Smithsonian Institution, now in press (Uid expected 
to appear about July 1, 1913 The most important conclusions 
are as follows 

1. The mean value of the solar constant of radiation for the 
epoch 1905-1912 is 1.932 calories per square centimeter per nun- 
ute 

2 An increase of 0 07 calories per square centimeter per minute 
in the “solar constant” accompanies an mcrease of 100 sun-spot 
numbers. 

3. An irregular variation frequently ranging over 0.07 calories 
per square centimeter per minute within an interval of ten days 



kanoi/f: melting points of rbfractort oxides 316 


is established by numerous nearly simultaneous measurements at 
Mount Wilson, Cidifomia, and Bassour, Algeria. 

4. Indications of two wholly mdependent kmds mchne us to 
think that these variations of solar radiation are caused withm 
the sun, and not by interposing meteonq or other matter 

PHYSICS .—The melting points of some rtfraelary oxides. C. W 
Kanoi/t, Bureau of Standards To appear in the Bulletin 
of the Bureau of Standards 

Altho a considerable number of oxides are used as refractory 
materials, the melting points of but few of them have been deter¬ 
mined, and many of the determinations that have been made are 
quite uncertam For example, some of the determinations would 
mdicato that lime and magnesia are more fusible than alumma, 
which can easily be demonstrated to be untrue, for al umina is 
readily fused m the oxyhydrogen flame, while pure lime and pure 
magnesia are infusible in it, at least under ordinary conditions 

The principal difl&culties encountered m the accurate determi¬ 
nation of the melting points are the production of very high 
temperatures uniform thru a sufiicient space and controllable, 
the supporting of the oxide m the furnace without its contamina¬ 
tion by the material used as a support, the avoidance of smoke, 
which would mterfere with the measurement of temperature by 
an optical pyrometer, and, finally, the accurate measurement of 
temperature. 

The furnace used was an Arsem graphite resistance furnace, 
with some minor modifications This furnace was designed to be 
used with a vacuum, which prevents the oxidation of the graphite 
and diminishes the heat losses. It was found impossible, however, 
to melt lime or magnesia in a vacuum, for they are completely 
vaporised before the melting pomt is reached. When these oxides 
were melted, and also m sdme other cases, the furnace was filled 
with a non-oxidising gas, such as hydrogen, under atmospheric 
pressure. 

The temperatures were determined by means of a Morse optical 
pyrometer of the Holbom-Eurlbaum type, which was sighted ver- 
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tically dovniward thru a glaae window in the top of the furnace. 
The oarbon-filament pyrometer lampe were calibrated againat the 
following melting points. 



iMinl 

Arm 

Antimony 

680 

Copper-Bilver outetlo 

779 

Silver 

MOO 

Copper 

Diopude 

1301 


These materials were melted in graphite oruoiblee, the pyrome¬ 
ter being sighted into a thin-walled graphite tube inserted in the 
metal. Heating curves or cooling curves were plotted. 

As the temperatures to be measured were far above the working 
limit of the pjnmneter lamps, absorption i^asses were mterposed 
between the pyrometer and the furnace The true temperatures 
were then foimd from the ai^iarent temperatures measured thru 
the glasses, by means of the equation. 



where Ti is the absolute temperature of the furnace, Tt is the 
apparent temperature observed tiiru the glasses, and A is a con¬ 
stant. The value of A for each glass or combination of glasses 
used was detemuned by sighting the pyrometer at a black body 
held at a constant temperature within the working limit of the 
pyrometer lamps, and taking readings alternately with and with¬ 
out the mterpoBition of the glass. It was found that a 
error might be mtroduced by the lag of the pyrometer lamp when 
its temperature was thus changed at short mtervals This was 
avoided by usmg two pyrometer lamps, each maintained approxi¬ 
mately at one of the temperatures to be measured A correction 
was applied for the absorption and reflection of the glass wmdow 
of the furnace 

It found that measurements of the same hi^^ temperature 
made with different psrrometer lamps or different abwiption 
glames were always in satisfactory agreement As a check upon 
the work five determinations of the melting point of platinum 
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were made. The value of this fixed point accepted by the Bureau 
of Standards is 1756°. The platmum was mdted in mu gnuHiimri 
aluminate tubes in an iridium furnace, and both heating and 
cooling curves were plotted. The weif^ted mean of the five 
detenninations was 1766°, with an average deviation of 6°. 

The problem of avoiding smoke when the oxides are not heated 
in a vacuum has received very little attention in previous work, 
and IS probably responsible for many low results It was found 
that errors from the preeen6e of smoke could be avoided by 
introducing into theoxide to be melted a tube of suitable maten^ 
into which the pyrometer was s'ghted, and keeping this tube clear 
by a gentle current of gas The cooling effect of the gas was 
found to be quite negligible. With this apparatus it is impossi¬ 
ble to see the oxide while it is melting, but as all melting pomts 
were determined by heating curves, this is not necessary All 
determinations were checked by the examination of samifies that 
had been heated to temperatures slightly below that obtained for 
th^melting pomt, and also of samples heated sbghtly above the 
melting point. 

Magnesia was melted m graphite crucibles, for it forms no 
carbide at high temperatures. It does react with carbon with the 
formation of carbon monoxide and magnesium vapor, as shown 
by Watts; but this introduces no contamination into the mag¬ 
nesia. The determinations were made at atmospheric pressure 
to avoid too rapid vaporisation of the magnesia and smoke was 
avoided by the introduction of a graphite tube thru which gas 
was blown. 

Lime forms carbide rapidly in contact with graphite at high 
temperatures; graphite is the^ore out of the question as a cruci¬ 
ble matenal. T.ima was successfully melted in tungsten crucibles 
with an inner tube of tungsten, thru which hydrogen was blown 
Three results m excellent-ij^reement were obtained in this way, 
but the tungsten usually melted as soon as the lime had melted. 
This was probably the result in part of contamination of the 
tungsten by carbon, but the tungsten a’so appeared to be con¬ 
taminated by contact with the fused lime, perhaps with the for* 
mation of metallic calcium. This led to the suspicion that the 
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melting pomt of the lime might be changed by the preaenoe of 
the tungsten To confirm the results another method was used. 
A tube made of lime was inserted mto the furnace, being supported 
by the upper end, which was at a low temperature, whde the 
lower end extended mto the hot part of the furnace. The tube 
was kept free from smoke by a gentle^ current of hydrogen, which 
passed out thru a small oblique opening at the bottom. The 
pyrometer was sighted down the tube and a heating cui^ was 
plotted Determinations made in this way weil^ in close agree¬ 
ment with those made in tungsten crucibles It is beheved that 
this method will be very useful with other substances for which 
it IS diflScult to find crucible materials. 

Alumina can be melted in a vacuum high enough to avoid all 
smoke without vaporizing so rapidly as to cause serious trouble. 
Determinations were made in this way with both tungsten and 
graphite crucibles. When the alumina was melted m graphite 
it did not form appreciable carbide until after it had completely 
melted and the melting pomt had been determined, and tflen 
the contamination was not rapid The results with graphite cru¬ 
cibles and tungsten crucibles were m agreement. Determinations 
were also made at atmospheric pressure with the apparatus con¬ 
structed for magnesia, the smoke being removed by a current of 
gas These results agree with the others 

Chromium oxide was melted m tungsten crucibles m a vacuum. 
When melted m graphite it is rapidly reduced. 

The results are summarized m the following table. 


OnDB 

MBLnwO POINT 
CailTiaBADN 

wniisaBor 

DNTBkinNATIONl 

ATNBA0B ONVIATIOH 


imnm 


4«vrfM 

MgO 

2800 

e 

13 

CaO 

2570 

5 

3 

AI.O. 

2060 

8 

4 

CriOi 

1000 

5 

e 
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PHYSICS .—New modified thermoelectnc methods in caloritnetry. 
WaiiTBR P. Whttb. Geophymoal Laboratory. Commujii- 
oated by A. L. Day. 

In the oommon calorimetrio method, the “ Method of Mixtures, 
the work of the last five years has diown that the error due to 
heat loss from the oalorimdter into the air, once thouc^t to be 
an unconquerable foe to accuracy, is, in fact, ordinarily quite 
negligible. With a proper installation, the attainment of very 
high precuion, to 0.1 per mille or better, requires merely sufficient 
precision in ihe temperature measurement. Such precision has 
been attained for ordinary systans by using electric thermome¬ 
ters. It remains to make the operation of these thermometers 
as simple and as free as possible from experimental precautions 
and corrections, to facilitate the attamment of imusual precuion 
where this is desirable, and to take advantage of the facihties 
which the electrical system offers for making various measure¬ 
ments such as could not be attempted with the older mercury 
thermometers. 

For a variety of measurements the thermoelectric thermometer 
system is eqiecially well adapted, as has already been shown 
elsewhere. The present paper deals with the securing of certainty 
and high precision by means of the thennoelement. The essential 
feature of the methods is to use, around the **cold junction" of 
the tiiermoelement, in place of an ice bath, a body at nearly the 
same temperature as the calorimeter. The smallness of the 
electrical quantity to be measured then gives to the temperature 
measurement extiaordinary precision combined with extraordi¬ 
nary ease. These methods, accordingly, while specially advan- 
tagMue for precuion in determining very small heat quantities, 
are in nearly all oases among the beet m convenience and cer¬ 
tainty. 

Determinations of great ^elicaty have already been made on 
♦■bin principle, equcially in Nemst's laboratory. In these the 
other body was a twin calorimeter. If the two calorimeters are 
alike, the external temperature and its changes affect both alike, 
and hence have but a sUf^t effect upon the thermoelement read- 
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ing which measures ihe difference in the temperatures of the two. 
It is thus possible to proceed almost as if the external tempera¬ 
ture had no effect at all. This has been claimed as a second 
great advantage of the twin method. A complete jacket, how¬ 
ever, 18 much more effective in this direction, and, on the other 
hand, there is a cooling correction^ error peculiar to the twin 
method. It arises whenever the two calorimeters are not exactly 
alike, and can easily be shown to be (K» — Kb)' (0b — 0|) where 
K. and Kb are the cooling rates of the two calorimeters, 0b and 
0 j the temperatures of the comparison calorimeter and of the 
jacket, respectively. This error is nearly eliminated if three 
observation periods are run (as in the usual Pfaundler Method 
with one calorimeter), but it can be more easily avoided by mak¬ 
ing the temperature difference, 0b — 0i, small, say below 0.2° 
Only two observation penods are then needed. 

The trouble of the temperature adjustment is largely or wholly 
avoided by either of two schemes, both of which utiUae the low 
cooling rate of a vacuum-jacketed flask, which is used for the 
comparison calorimeter. In one scheme, a regulator keeps the 
jacket temperature constant. The flask is then constant to a 
very lugh degree of precision (easily to 0.0001°) without any 
further attention whatever. This has been called the constant 
companson body method, 

Ilie other scheme avoids the regulator. A specially adjusted 
(shunted) thermoelement ve used in determining the cooling cor¬ 
rection The two unlike calorimeters can then be ojierated as 
easily and conveniently as if they were twins, but the tempera¬ 
ture adjustment is so much less exacting as to be almost n^difli- 
ble. This has been called the compensated calonmeter method. A 
combination of the two methods can be made at will, either 
temporarily or permanently, involves no difficulties, and reduces 
precaution^ and corrections to a very low minimum. 

The gain in simplicity and ease of construction by usiiig vacu¬ 
um-jacketed bottles 18 evident. An effective and particularly 
simple way of us ng the bottle is to immerse it wholly in the 
jacket water, with an inverted cap over it containing air. A 
tube running down thru the cap allows the thermoelement to be 
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inserted or withdrawn at will without escape of an:. The jacket 
water surrounding the thermoelement above the cap insures defi¬ 
nite conditions as to temperature. 

The beet of these methods call for a complete inclosure by the 
jacket, but this is almost indispensable in any calorimetry of 
precision, and can be easilji obtained. For instance, the calo¬ 
rimeter chamber may be a cybndrical pot, suspended in a com¬ 
mercial paper tub. The cover is a square box, filled with water, 
and closed, save for two pipes which project downward thru the 
surface of the water below and so provide for a complete circu¬ 
lation. The protection against evaporation of the jacket water 
which 18 uBuidly necessary for precision work is very easily secured 
by a layer of paraffin cast on the surface of the water. This 
layer can of course be easily sawed or recast. By a suitable and 
rather evident arrangement of thermoelements, any of these 
schemes can be operated with the two calorimeters in two sepa¬ 
rate jackets. This procedure is necessary in the case of adiabatic 
methods. A precision of 0.0001** is very easily reached, under 
fair conditions, with a thermoelement of 24 couples. Elements 
of 8 couples, ordinarily precise to 0.0003°, are so very compact 
that the use of anything smaller will rarely be advisable. 

Work with these methods has emphasised the desirabihty of 
providing, not only abundant thermometnc sensitiveness, but, 
especially, a thoro and uniform jacket mclosure, with vigorous 
stirring thru wide openings The trouble required for these pre¬ 
cautions is slight m itself, and is insignificant compared to that 
likely to be entailed by tiying to dispense with them 

The requirements of these methods m the way of auxiliary 
electnoal apparatus (potentiometer, etc) are unusually simple and 
mexpensive, but are nevertheless exactmg m certain directions 
Elaborate apparatus and methods, admirable for other kinds of 
work, may fail here, tho success is easy by appropiial^ arrange¬ 
ments. A revised account of the essential requirements is m 
preparation. The great advantage of these methods is m the 
ease and precision of the temperature measurement. Otherwise, 
they present disadvantages, which, however, are evidently slight, 
and far outweighed by the advantages. 
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PHYSICS .—On tJie dbaorption of light in hdarogeneoua media. 

P. Q. NtrmNO. Eastman Kodak Company. Boehaster, 

N. Y. 

Photographio densily depends upon the aue and number oC the 
imbedded silver grains and to a ali|^t extent upon their Torm 
and distribution as well. The mathematical problem of relating 
density to grain is obviously to be treated by probability theory 
rather than by infiniteeimal analysis. The solution here presented 
will be of mterest to students of the theories of radiation and of 
entropy in discontinuous systems, m that it is a much simpler 
problem treated by similar probability methods. 

Suppose snowflakes of a given use to be falling with perfect 
irr^nibtrity upon a surface. When a given number per unit area 
have fallen, what will be the mean relative areas covered and 
imcovered? In the plate grain problem as in the snowflake prob¬ 
lem, the distribution is coinpletely irregular, but in a volume 
instead of a plane. The grains are oontuned in a layer of the 
order of 10 to 20 m tiiick and are themsdves 0.6 to 3 m in diameter, 
irregular in outline and fairly uniform in area in any one plate. 
The grains are not oiystals, but aggregates of finely divided silver 
resembling platmum black or soot, of very high absorbing and 
low reflecting power. This reflecting power has not yet been 
directly determined, but estimates baa^ on scattering make it 
well under 2 per cent In the following discusnon both rtiflee~ 
tun and diffusion are n^eoted, tho both may be readily entered 
in the* equations. 

Consider the absoibing body divided mto layers about 1 grain 
thick, ])arallel with the surface, so that there will be but a negh- 
gible amount of overlapping of grains in any one layer. That 
certain grains lie partly in two successive layers is of no conse¬ 
quence, since in the equations they are coimted but once in the 
layer in which their greater bulk liM. In the first layer let there 
be ni, grains per unit area and let Oi be their average projected 
area. Then the probability of a ray of lig^t being stopp^ by 
tiiis layer is the ratio of the covered to the total area, or as n, at 
to 1. Similarly the probability of a ray passing the first layer is 
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1 — ni Oi. In other words the atiborption and transmission coeffl- 
cients are respectively the probabilities of being stopped and of 
being passed. 

In the second layer let the corresponding quantities be fit and 
Ot, in the third fii and Oi and so on For brevity call the product 
ni Ui ■ ill, etc Now the only manner in which a ray may pass 
thru all layers is to pass each layer separately hence the probabil¬ 
ity of passing all layers is the continued product 

(1 - At) (1 - At) (1 - A J - r. (1) 

of the probabilities of passing each separate layer. This is the 
transparency of the whole sheet The correspondmg absorption 
Bm is the complementary quantity 

- 1 - ( 2 ) 

It may be noted that the absorption of the whole is not the 
product (Ai Ai Am) of the probabihties of absoixi- 

tion m the various layers since the action is not alike m all layers, 
a ray may be passed by several layers to be stepped in another. 
The above product (Ai At Ai) is the probability of pos¬ 

sible stoppage m aU, layers, i.e., the probability per umt of 
a continuous train of grains lying one bdiind the other, thru all 
the successive m layers. In fact, if the value of Tn m (1) be 
written m (2), multiphed out and grouped according to the num¬ 
ber of A's multiplied together, then each group gives the proba¬ 
bility of 2, 3 m grains overlapping. 

In the special case of all layers alike in number and sue of 
grain, the transparency of all m layers will be 

T, - (1 - A)- (3) 

since m (1) Ai - Ai, » - Am. Thu corresponds to 

Bear’s Law in ordinary opti<^. 

Photographic density D has of late years been precisely defined 
by the relation 

B - - logio T (4) 

T being the transparency in the sense used above. *The value of 
Ta in either (1) or (3) may be substituted m (4) according to 
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conditions. Equations (1) and (4) give the general rdalion 
sought between density uid the number, sue and distribution of 
grain. 

In aU ordinary practice the sise and distribution of grain thru- 
out the film is so uniform that (3) gives a very close approxima¬ 
tion indeed. In this case. 

D — m log (1 — il). (6) 

If further A is so small that the overlapping of grains is negligi¬ 
ble, as IS the case with low and medium densities, 

D ^ mA ^ mna (6) 

The ratio of the mass of reduced silver per unit area to the 
density (4) is an important quantity, the so-called photographic 
comiani 

Now the film is m layers deep, hence m n » JV is the whole 
number of grams per unit area. Mass of silver (Af)> pur umt 
area is then proportional to N and to the average volume of the 
grains, 

M^cNa*'*, (7) 


the constant c involving the specific gravity of the silver and 
certain numerical factors. 

The photographic constant (F), defined as mass of silver per 
umt area per umt density, is then 


M ^cNa^ 
Na 


e‘>la 


( 8 ) 


if the overlapping of grains is n^ligible, or is 


P- - 


Slog(l—no) 


without assumptions as to overlapping or uniformity of gram 
thru the film. 


From these equations it appears thatP, to a first approximation, 
is independent of N and hence of exposure and development, 
but that it will vary among different brands of plates in proporv 
tion to the mean diameter of grain. The first of these oonclu- 
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sions is a well known experimental fact P is of the order of 
10 mg. of silver per square decimeter of film, per unit density. 
The relation between P and sixe of gram has not yet received 
eKperimental confirmation, tho P is known to vary in different 
kinds of plate. 

In the following t^le are numencal values calculated for dif¬ 
ferent photographic densities. 

TABLE I 


D 

r 

l-il 

A 

10 A 

6 

0 00001 

0 316 

0 6S4 

6 8 

3 

0 001 

0 601 

0 499 

5 0 

2 

0 010 

0 631 

0 369 

3 7 

1 1 

0 100 

0 794 

0 208 

2 1 

0 7 

0 200 

0 861 

0 140 

1 5 

0 6 

0 316 

0 891 

0 100 

1 1 

0 2 

0 631 

0 966 

0 046 

0 46 

0 1 

0 794 

0 977 

0 023 

0 23 


T IS the fraction of the 1 ght transmitted by the entire thickness 
of film, 1 — A 18 the corresponding transmission of any single 
layer 1 grain deep while A is the fraction absorbed, on an aver¬ 
age, in any single layer. The final column, 10 A, is what the 
absorption of a film 10 grains deep (an ordinary film) would be 
if each gram were fully effective Thus, for unit density, the 
transparency is 10 per cent, the absorption of a single layer 20 
per cent and there are pr^nt 2 1 times as many grams as would 
completely cover a surface 

Taking the particular case of unit density and Ai - 20 per 
cent (0 20) and computing the absorption of the first n layers 
by the formula 


Pi .... - 1 -Ju - 1 - (1-A)-, 

Pi - A - 0.20, Pi,I = 2A - A, - 0.4 - 0.04 - 036 

that is, in the first two layers 36 per cent is covered and 4 per 
cent of this covered twice. In the first three layers 

Pi..i - 8A - 8A* + A* - 0.60 - 0.12 -h 0.008 - 0488 
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the probability of overlapping is 0.12, of Ixiple overlai^iiig of 
grains u 0.006. Tabulating for ten layers, 


TABLE II 


• 


Sb 

AS. 

4“ 


1 

0 704 

0 206 

fMT OMlf 

0 21 

3 06 

2 

0 033 

0 367 

16 1 

0 04 

1 80 

3 

0 fiOl 

0 499 

18 2 

0 006 

0 96 

4 

0 308 

0 603 

10 3 

0 0016 

0 836 

5 

0 3ie 

0 684 

8 2 

0 0,32 

0 080 

0 

0 261 

0 740 

6 5 

0 0i$4 

0 018 

7 1 

0 200 

0 800 

5 1 

0 OdS 

0 0017 

8 ' 

0 150 

0 841 1 

4 1 

00,26 

0 0,12 

0 

0 126 

0 874 ' 

a 3 

0 0,51 

0 0,52 

10 

1 

0 100 

0000 

26 

0 OJO 

0 0,10 


The second and third columns give respectively the tranapareney 
and abeorption of the first n layers. The fourth column gives the 
mcrement of absorption due to the nth layer The fifth column 
gives the probabihty of n grams overlapping m n layers. The 
last column gives the probabihty of n grains being m line in all 
ten layers, it is i4“ lOl / N! (10-n)l 

RADIOTELEGRAPHY .—Ihfference in etrength of day and ntght 
signals in radiolelegraphy L. W. Austin, U. S. Naval Radio- 

telegraphic Laboratory. 

The first explanation, given of tiie difference in strength of day 
and night signals after the discovery of the i^ienomiuion by Mar- 
corn, was that sunlight, by ionising the air around the sending 
antenna, produced energy losses which resulted in a decrease in 
the stren^ of the received dgnals. This idea has long been 
abandoned as affording a full explanation of the phenomenon. 
Recent observations between the Arlington station and the sta¬ 
tion at the Bureau of Standards, 8 kilometers apart, tiiow that 
if the effect exists at all it is a matter of not more than 1 or 2 
per cent. 

At a later period it was supposed by many workers in radio- 
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telegr^hy that the increase m strength of signals at ni^t was 
caused by the decrease in an absorption in the upper conducting 
lasrers of the almo^here after the ionisation due to the sunlight 
and possible cathode rays from the sun had ceased. 

The data accumulated by the U. S Navy Department during 
the last three years appear to make this explanation improbable 
for the two following reasons (1) It is known that in certain 
r^ons and at certain wave lengths the ground absorption is more 
than twenty times as great as would be the case if the ai gnala 
were sent over salt-water. The sun’s rays can hardly be thought 
to affect the losses m the earth to any extent, yet on some nights 
these waves travel across the same region, reaching the receiving 
station with as great strength as would have been the case if 
there had been no absorption at all.‘ (2) Observations on un¬ 
damped oscillations from the arc have shown that at mght there 
is a selective strengthening and weakening of the signals with 
changing wave length For example, during the recent tests of 
the arc at Arlington, it was found that when the night signals at 
the receiving station were famt at the regular wave length of 
4100 meters, changing to 3950 meters would almost invariably 
bring them in with greatly increased strength and vice versa. This 
suggests the light and dark interference bands of optics and, as 
Dr De Forest has si^gested,* the phenomenon may be explained 
by the mterferenoe of a set of waves traveling along the earth’s 
s^ace with another set which has been reflected from the con¬ 
ducting layers of the upper atmosphere. Calculations show that 
the height of the reflecting surface w6tdd be from 40 to 60 miles, 
which are very probable values for the pomt at which condufr* 
tivity would begin. This phenomenon has been observed so con¬ 
stantly in the work with the arc that there can be absolutely no 
doubt of its existence. The fact that it has not been observed 
in the case of spark waves is due partly to the fact that spark 
apparatus is generally not changed in wave length by such small 

^ In many wall authenUoated oases signals have been reoeived with more than 
twioe the itrongth which the simple Duddell and Taylor law would have indi¬ 
cated 

‘ Proo. Inst Radio Bngineen 1; 37 1018 
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percentage st^, and partly to the shortness of the wave trains 
which would not permit the direct and deflected tnuns to overiap 
for any considerable difference of path. 

These facts indicate that the greater strength of night sign^ 
is probably due not to a decrease in absorption, but rather to 
additional energy which reaches the receiving station by reflec¬ 
tion. This explanation would involve the idea that at night the 
upper atmosphere becomes stratified in such a way that at some 
given height differing at different times, there is a sufiioiently 
sudden change in conductivity to permit reflection. It is con¬ 
ceivable that this stratification is broken up in the day tune 
either by vertical convection currents, or by the more or less 
irregular ionisation produced by the ultra violet rays or cathode 
particles from the sun.* 

It is certain that the difference between night and day signals 
is much less at long waves than at short, but the observations on 
the Chfden signals (X about 7000 meters) at Brant Rock (2460 
miles) and at Arlington (2840 miles) do not agree with the obser¬ 
vations of Marconi at Glace Bay that the day signals are equal 
to or better than those at night.* At Brant Rock during the 
autumn and winter the received current from Clifden thru 25 
ohms resistance was in general about 35 10~* amp. in the day 
tune, rising at times to 55.10~* amp., while at night the current 
frequently amounted to more than 100.10~* amp In summer 
the signals were always famt and much of the tune inaudible in 
the day time, varying probably between 7.10-*and 12.10~* amp. 
Night signals were much louder, no exact measurements being 
made on them. The observations on Chfden at Arhngton agree 
qualitatively with the Brant Rock results. 


* The difTerenoe in sununer and winter day aignala at great dutanoee perhape 
indicates that reflection plays some part ev» to the day tune 

* It IS eonoeiYsblo that the direotive receiving antenna at Glace Bay may have 
an influence on the phenomenon. 
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METALLOGRAPHY .—Prdvmvnary rude on the cnhcal ranges, 
AS and AS, of pure iron. G. K. Bubobss and J. J. Cbowb, 
Biireau of Standards. 

In view of the recent publication by Professor Carpenter of 
his very interesting results* on this subject and considering its 
theoretical importance, we deem it advisable at this time to give 
a brief account of some preliminary observations taken in 1011 
and 1012 on the location of the critical ranges m pure iron both 
on heating and cooling We had intended deferring pubhcation 
until results were ready on a specially pure sample of iron pre¬ 
pared here by Mr. J. R. Cain. Since, however, with five samples 
of iron of the same order of purity as the single one used by 
Professor Carpenter (09.07 per cent Fe) we are not able to reach 
the same conclusion he does, namely, “that were it possible to 
remove the last traces of impurity, iron would cease to show even 
these faint mdlcations of At 2,'’ it may be of interest to put on 
record now some of the results so far obtamed. Cooling and 
heating curves of five samples of electrolytic iron have been taken 
in vacuo, three samples being separate preparations m the form 
of cathode plates from Prof C. F Burgess of Wisconm, and 
two samples remelted by us tn vacuo to remove gases, one pre¬ 
pared by the Langheim-Pfanhauser A. G. furnished by Dr H. 
Goldschmidt and one a sample of the C. F. Burgess iron. The 
samples weighed from 21 to 31 grams 

Two methods of locating the critical ranges were used simul¬ 
taneously, requiring two observers The first was the Osmond 
inverse-rate method, times being recorded to 0.1 second on a 
cylindrical chronograph and temperatures taken in steps of 2‘’C. 
by means of a Diesselhorst potentiometer. 

The second was the Roberts-Austen differential method with a 
platinum neutral and reduced by Rosenhain’s derived differential 
method. The plotted curves should be strictly similar in shape, 
and m practice, unless something is the matter, they are similar. 

Using a specially designed hquid rheostat, it was possible to 

* H C. H Carpenter, The eritical rangee of pure iron Iron and Steel Insti¬ 
tute, May, 1013 
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adjust for a practically constant rate of heating and cooling over 
the whole temperature range, 600” to 1100”C Measurements 
were taken at rates ranging from three seconds per degree to 
thirty-auc seconds per degree with no conaiderahle effect upon the 
location or magmtude of the critical ranges The heating of the 
furnace was by alternating current from a motor generator run 
from a storage battery The reaulta are ahown m the accom¬ 
panying table, the analyses were fumidied by Prof C F Burgess 
and Dr H Goldschmidt It will be noted that for the remelted 
samples the maxima for Ao2 and Ar2 are identical m position 
The plotted curves show Ao2 as pronounced as Ar2 for all the 
samples A2 and A3 appear to be different m kmd, but the 
discussion of this subject we prefer to defer until more complete 
data and check analyses are obtained 
It should also be noted that m 1009, A Muller* published a 
careful study of the critical ranges of electrolytio iron finding 
Ac2 - 770°, Ar2 - 703“, Ac3 - 9ir and Ar3 - 894“ 


' A MOIler t)ber die Dentellung dee Elektrobrteiseui, deesen ZueemineDeet* 
■ung und themuMhe Riieniwheftsn MeUlIutgie S 14S 1900 
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Authon of sciontiflo papers are requested to see that abetraote, preferably 
prepared and signed by themselves, are forwarded promptly to the editors Each 
of the seientific bureaus in Washington has a representative authorised to for¬ 
ward such material to this journal and abstracts of official publications should 
be transmitted through the representative of the bureau in which they originate 
The abstracts should oonfonn in length and general style to those appearing in 
this issue 

METEOROLOGY —Hurricanes of the WeH Indies OtirsB L. Fassiq- 
Weather Bureau Bulletin 10 pp. 28, pis 26 1013 

The early completion of the Panama Canal makes the present appear¬ 
ance of a good bulletin on the hurncanes of the West Indies peculiarly 
timely, and the one under consideration fully meets the needs of all who 
are likely to be interested in this subject The text is divided as follows. 
(1) Hurricane areas and hurricane tracks, (2) Frequency of hurncanes, 
(3) Progressive movement of humcanee, (4) Duration and intensity of 
hurricanes, (6) Hurncanes, cyclones, and typhoons; (6) Signs of an 
approaching tropical cyclone, (7) The humcone of August 7-20, 1899; 
(8) Origin of tropical cyclones. The chief feature of the bulletin is its 
excellent colored charts, which tell at a glance practically the whole 
humcane story W J Humphreys 

METEOROLOGY.—On ihe physics of the oJtmosphere W J Hum¬ 
phreys Journal of the Franklm Institute 176 207-244. 1913 
In this article a number of physical phenomena of the atmosphere are 
desonbed and their explanations given Such as (1) Vertical tempera¬ 
ture gradients as determined by sounding balloons, (2) Composition of 
the atmosphere at various elevations, (3) Density of the atmosphere at 
different levels, (4) The nature and cause of the isothermal region, (5) 
The origin and the climatic effects of the permanent center of high 
pressure on the oceans; (6) The structure of the wind, including wind 
layers, gusts, and cases of violent vertical convection, (7) The ongm of 
thunder-storm electricity. There are also thirteen illustrations that 
make it easier for the reader to follow the ^t W. J H 
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CLIMATOLOGY.— Tvoo dmaltc eroaa-aedionB of Vto Umlad StaioB. 
Robbbt Da C. Ward. Monthly Weather R^ear 40, 1000-1017. 
1913 

Professor Ward had the good fortune to take the whole of the 13,000 
mile “Transoontmental Excursion of the American Geographical Booi» 
ety,” August 22 to October 18, 1012, and had therefore an unusual 
opportumty of studying at first hand the effects of the numerous climates 
of this country on topogn^ihy, plant growdi, and human industry. All 
&ese he describes in an article that follows the ezourrion up the Hudson, 
along the Great Lakes, thru the Bad Lands, among the Gsysers, down 
the Grand Coul4e, over the wheat fields, orchards and vineyards of 
Washington, Oregon and California, across the Sierras, along the old 
beaches of Lake Bonneville, among the mountains and down the canyons 
of Colorado, thru the wonderful scenery of Arisona and New Mexico, 
down the MiseiSaippi, across the southern Appalachians, and along the 
Piedmont Region ^ way of Washington, D C., back to New York. 
Ev^ clunatio section of the United States was visited on this trip, and 
to each I*rofeeSor Ward has given its due share of attention. 

^ W J. Huuphbbtb. 

CHEMISTRY.— The action of potamum amide on eupne nUrate tn liquid 
ammonia aotuhon. Edward C Framkun. Hygienic lAboratoiy. 
Journal American Chemical Society, 84* 1501. 1912. 

Instead of giving a precipitate of cuprous amide as might be eiqieoted, 
cupric nitrate m solution m liquid *mTnf>nta. reacts with potasrium amide 
to form ammonated cuprous nitride m accordance with the equation 
3Cu(NOi)f + 6KNB^ - CuiN nNH. + OKNOk + (4n)NHi + N 
When h«^ tn racuo to laboratory temperature the ivedpitate loses 
ammonia and is converted into ouinous Imide, CutNH. At higher tem¬ 
peratures cuprous imide is oonverted mto cuprous nitride, Cu<N. 

Hie product of the general formula Cu^ nNHi, dis^ves in liquid 
ammonia solution at potassium amide to form a solution from wMeh 
well crystalliied speciznens ai a colorless salt of the compound r^re- 
sented by the formula, CuNICi 3NH^, have been obtained. This com¬ 
pound has bem named potassium ammanocuprite for the reason that 
it obviously occupies a position in the ammonia eyetem of acids, bases 
and salts entirely similar to that which the mote faadliar iinoates,aluiDii^ 
ates, plumbitee, etc., occupy in the water system. 

Potassium ammonoouprite witii three moleouleB of ammonia of crya* 
tallisation, or triammmiated polasriom ammonoouprite, readily loses 
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Bucceseively two molecules of ammonm to form the diammonated and 
moDoammonated salts of the respective formulas CuNI^ 2NH| and 
CuNK, NH, EOF. 

CHEMISTRY— Poiamum ammonotitanaie. Edward C Ii'ranklin 
and Thomas B Hine Journal of the American Chemical Society 
36 1497. 1912 

Treated with liquid ammonia titamum tetrabromide undergoes am- 
monolysis and u converted mto an ammonobasic titamum bromide of 
the formula N h Ti - Br When this basic salt, or mtnde bromide, is 
brought mto contact with hquid eunmonia solution of potasbium amide 
a reaction takes place which roaults m the formation of a compound 
of the formula N « Ti-NHK which receives the name potastaum ammono- 
titanate. The two reactions are represented by the equations 

TiBr« + 4NH, - N ■ Ti - Br + SNHtBr and 

N« Ti-Br + 2KNH, = N-iTi-NHK+KBr 

The results of this investigation show that just as titanium bromide 
undergoes hydrolysis in contact with water and just as the product of 
hydrolysis may be made to react with potassium hydroxi^ to form 
potassium aquotitanate so similarly the bromide undergoes ammono* 
lysis in contact with liquid ammonia and in presence of an excess of the 
ammonobase, potasbium amide, it is converted mto a potassium ammo- 
notitanate. E. C F 

CHEMISTRY — The actum of ptriasstum amtde on thaUium nUr<Ue tn 
Itguul ammonia eoluhona. Edward C. Franelin. Hygiemc LAbo> 
ratory. Journal of Physical Chemistry 10 683. 1912 

The black precipitate of thallous mtnde, formed by the mteraction of 
liquid ammonia solutions of potassium amide and thalhum mtrate in ac¬ 
cordance with the equation, TlNOi + 3KNHt * TUN + 3KNC)» + 2NHi, 
dissolves m potassium amide solution to form potassium ammonothallite. 
The salt thus formed separates from sufficiently concentrated solutions 
m the form of beautiful yellow crystals of the composition represented 
by the formula TlNKi 4NH|. The reaction between thallium mtride 
and potassium amide is stnctly analogous to that which takes place 
when smo oxide, for example, di^lves m aqueous solution of potassium 
hydroxide. Potassium aquosincate is formed in the latter case, potas- 
aiuQi Annifi n nnt.b«.llM ;a m the foimer The salt readily loses ammonia 
to form successively the products represented respectively by the for¬ 
mulas TlNKi 2NHi and TINK. liNH, 
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Mixed oryetale or isomorpboua mixtures varying m compositioii ftmn 
that pure potassium ammcHiotballite to that of a product Tepreeented 
by the fonnula TINEi 4NH| 3 6KNEb have obtained from 
liquid ammonia solutions potassium ammonothalltte containing an 
excess of potasshim amide. K C. F. 

PALEONTOLOGY —Canibnan Braehwpoda. CHAqjuna D. Walcott. 
Monographs of the U. 8 Qeologioal Survey U. Part I, text, pp. 
872, Part II, pis 104, pp. 363. 1012. 

This mom^^ph describes 44 genera, IS subgenera, 477 species, and 
69 varieties of Cambrian Brachiopoda, and 3 genera, 1 subgemis, 42 
species, and 1 vanety of Ordovician Brachiopoda Of the Cambrian 
forms, 10 genera, 2 sul^nera, 21 species, and 1 variety persiat into the 
Ordovician 

In this paper the Braohiopoda are treated m three ways—historically, 
geologically, and loologioally. EUstorically the treatment oomprises (1) 
a bibhography and (2) a table of synonymic reference, giving a com¬ 
pletely cross-referenced list of described qiecies with the present generic 
and spedfio reference of each. Geologically the distnbution of the 
Braohiopoda is considered under the following headings* (1) General 
geograi^c and stratigraphic distnbution, (2) detailed geographic dis¬ 
tribution, (3) detailed stratigraphic distribution; (4) habitat; and (5) 
fossil locahtiee. Zoologically the diseusrion covers (1) the physical char¬ 
acters of the Braohiopoda, (2) their distribution; (3) their evolution; 
and (4) their classifioation. Lastly come the detailed deseriptions of 
genera and species and the illustrative plates P V. Rounot 

ZOOLOGY —On a coUeetum of recent Crtnotda from the toaiera about 
Irtiand. Amrut H. Clark. Department of Agriculture and Teoh- 
Qical Instruction for Irriand, Fisheries Branch, Scientific Investiga¬ 
tions, 1912, no. IV, pp. 1-6. 1918. 

The collection upon which this report is based was brought together 
by the Irish fishery cruiser Halga while working in the seas to the west 
and north of Ireland; the description of a single specimen taken in the 
Faeroe Channel by Wolfenden’s yacht Stiver Belle is also mcluded 

Though small, the collection is at very considerable interest because 
four of the eight species rqireBented are new to the doasts of the British 
Trifcfida, one of these r^iresenting a genus heretofore known, in the 
Atlantic basm, only frcan the Canbbean Sea. 

The eight qieoiee are: Antedon petaaua (Dtiben and Koran) (not 
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previoudy reported from Ireland), Le^omOra eeUtca (Bairett and Mo- 
Andrew); Haihrcm^ra proUxa (Sladen) (Faeroe Channel), TnchmMtra 
hbtrmea, q>. nov. (related to a species occurring off Newfoundland), 
Tnehometra deiUcaia (a qieoieB described in 1911 from the Bay of Bis¬ 
cay); PenkmutrocnnuB aUanUcua (not hitherto known north of the 
Bay of Biscay) Atdecnnua helgae, sp. nov. (related to the Canbbean 
A hdkmmdta, and the first species of the genus to be discovered in 
the east Atlantic); and Rkuocnnua lofotenna. A H. C 

BACTERI01X)QY .—Further attempta to tranamU pcXiumydiUa thru the 
agency of the ataKe fly (Stomoxya caleitrana) John F Andxbson, 
Surgeon, U. S. Pubho H^th Service, Director H 3 rgieiuc Laboratory, 
and Wads H. Frost, Passed Assistant Surgeon, U. S Public Health 
Service. Public H^th Reports, 1913 

In an eiqieriment conducted m October, 1912, we were able to infect 
monkeys with poli<»nyehtiB by exposing them to the bites of several 
hundred Stomoxya, i^oh were allowed, at the same time, to feed on 
monkeys inoculated intracerebrally with poliomyebtis virus. From the 
date of that experiment up to February, 1913, we have earned out a 
number of additional experiments dedgned to throw light upon the 
conditions necessary for the experimental transmission of pohomyehtis 
thru Stomoxya oakrtrana The flies used in our later experiments have 
been, in part, captured in the vicimty of the Hygienic Laboratory and, 
m part, bred m the laboratory In a considerable number of our expen- 
ments we have undertaken to simulate summer conditions by mamtain- 
ing a temperature of 75° to 85° F 

In these eiqierimentB monkeys moculated with poliomyebtis have been 
erqxised to large number of Stomoxya at vanous stages of their incubation 
period and during the period of developed eymptoms. Fresh monkeys 
have been eiqioeed to these same flies sunultaneously with the inoculated 
monkeys and at various intervals thereafter. Stomoxya fed on defibn- 
nated blood drawn from moculated monkeys m all stages of the incu¬ 
bation period of the disease and others fed on mixtures of noimal mon¬ 
key blood with poliomyebtis virus, have been allowed to feed on fresh 
monkeys. In one experiment we inoculated a yearling colt intrave¬ 
nously and intracerebrally with a large amount of pohomyehtis virus 
and this jhtmal at once to some 2000 Stomoxya, which were 

then allowed to bite fresh monksys Nrither the colt nor the monkeys 
t showed symptoms in any way suggestive of poliomyelitis. 

Two eoqienments were oained out with flies caught in the immedi- 
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ate vicinity of the residences of poliomyehtu patients in Buffalo, N. Y. 
These flies were then shipped to the Hygienic Laboratory and there 
allowed to feed upon fresh monke 3 rB. 

Contraiy to what might have been expected from the results of our 
first experiment, we have been unable to transmit the infection thru 
Stomoxya in a single one of our later experiments Up to this time we 
have found no satisfactory explanation for this discrepancy m results 
The flies used in our later experiments have been generally as numerous 
and as active and have fed as freely as those used m our first eiqieiiment 
In some of our later experimonts the inoculated monkeys have been 
eiqrased as promptly after moculation, that is, after only two hours, 
and, so far as we are able to see, all the conditions of our first experiment 
have been dupheated 

The question has occurred to us whether the season of the year has 
any peeuliar infiuence upon the transmission of poliomyelitis thru the 
Stomoxya Our own first experiment, as well as those of Rosenau and 
Brues, was earned out in the early autumn, during the season when 
pohomyelitis is commonly quite prevalent in nature Our later experi' 
ments, in the late autumn and winter months, were earned out during 
a season when this disease is quite rare in nature, but in order to simu¬ 
late summer conditions a temperature of 75” to 85” F. was maintained 
in the room where these expenments were earned out Altho there is 
no apparent reason why the season alone, regardless of the temperature 
mamtained, should have exerted any special influence upon the outcome 
of our expenments, it appears to us worth while to repeat the experi¬ 
ments during the summer and autumn months 

In the meantime, it is impossible to estimate accurately the impor¬ 
tance which Stomoxya may play m the transmission of pohomyehtis. 
That it 18 an important natural factor appears to us doubtful, not only 
because of our own negative results but also because recent expenments 
have afforded additionei evidence of the direct transnussibility of poho¬ 
myehtis and because epidemioloi^oal studies appear to us to in^cate that 
the disease is probably transnutted largely through passive human virus 
carriers 

Nevertheless, our negative results need not be taken as conclusive. 
The demonstration of the mfectiousness of the nasal and buccal secre¬ 
tions of poliomyehtis patients was made (miy after a Ammderable number 
oS expenments had b^ perfonned with entirely negative results. The 
same is true of several o^er recently eetaldished facts m eiqienmental* 
poliomyehtis. J. F. A. and W. H. F. 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 


THE WASHINGTON ACADEMY OP SCIENCES 

The 83d meeting of the Washington Academy of Sciences was held 
at the Cosmos Club, Saturday evenmg, March 1,1913 The following 
were elected resident members of the Academy Best S. Butler, F C 
Calkins, William MANsnELD Clark^icsard B Doli^ Clarence 
N Fenner, H. L. Ferguson, Arthur W Orat, Henry Hinds, C W. 
KANOin*, Frank Lbyerett, F L Lbwton, Gerald L Loughun, 
Curtis F. Marbut, Herbert E Merwin, M J Munn, J B Norton 
W. A. Orton, N S. Osborne, L A Rogers, William H Rob^ Robert 
B. SosMAN, J W. Spencer, L W Stephenson, Rodney H True, 
Joseph B. Umfuby, Roger Clark Weils, Frank Wenner 
After the election of new members, the Academy, m lomt session with 
the Philosophical Society, listened to an address by the Right Honor¬ 
able James Bryce, 0 M., Ambasbador to the United States, on The 
phyg^ aspects of Australxa and New Zealand. 

llie spe^er’s theme was a recent tnp he had taken thru both 
these countries, and he made it broad onou^ to cover the most diverse 
subjects—the geography, the ^logy, the ethnology, the fauna, the 
flora, the history and the pohtical economy of these great countries, 
all of which bo i^e delightfully mteresting by the aid of maps, charts, 
pictures, and by his own clearness and accuracy of descnption 


The 84th meeting of the Washington Academy of Sciences was held 
at the Cosmos Club, Monday evening, March Zl, 1013. Dr. Edward 
C. Franklin of the Hygienic Laboratory spoke on Ammoma, with 
exj^ments. , 

It was explained that many of the properties, both physical and 
chemical, of liquid ammoma are similar to those of water, and m par¬ 
ticular tut ]u^ as we have water derived acids, bases, and salts, or a 
water chemikiy, so too there is an ammonia chemisl^ oonsuting of 
an extensive senes of ammonia donved acids, bases, and salts The 
parcel between tiie two chemistnes, as Dr. Franklin's explanations 
made clear and his many ingenious experiments demonstrate is com¬ 
plete in eveiy pardoular. 

The 85th maBting of the Washington Acadany of Sciences was held 
on April 23,1913, at the Cosmos Club. Professor Dr. W. Wien of the 
ITnivenity of Wflrtiburg spoke on Aecsnf theones on heat andradtatton. 
Published in full in this Journal 8 273 1913. 

W J Humphreys, Recording Secretary 
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th£ chemical society 

(Local Sbction or thx Aiubican CHmucAL SoonrrT) 

The 224th meeting was held on March 13,1013 at the Qeom Wash¬ 
ington University Medical SdhooL President Waters in the uiair. 

Mr SvBBBB OuLBRANDsaN, of the Welabaoh Li||ht Company, spoke 
on Incandeaemt gas lighting. After reviewing the early histc^ of gas 
lighting by incandescent mantles, the speaker described the diasovenes 
of Auer, arid the present process of manufacture of mantles One of 
the recent improvements m mantle manufacture consists in the use of 
squirted fibers of soluble cellulose. The properties of the mantle depend 
pnmanly upon those of the original supporting fibor. Mantles from arti- 
fioial fibw wow less shrinkage and hence less loss of luminosity, smd also 
less weakening with age, than those from natural fibers. They are also 
about three times as strong initially, as the lecturer showed eqieiimen- 
tally. 


The 226th meeting was held at the Cosmos Club on April 11, 1913 
Prof. Ralph S I^lib of the Umvenuty of Pennsylvania spoke on 
the subject, Phyateahchemteal oondthona of anestlutie Some con¬ 

ditions that produce effects akm to anesthesia are* lowering of tonperar 
ture, lack of oxygen, mechanical shock, and exposure to electric current. 
The effect of a steady small current may be to increase or decrease the 
imtabihty of nerve or muscle, depending on the effect of the current 
upon the potential differences at the c^ membranes The plasmal 
membrane of cells is a veiy unportant factor in their reaction toward 
substances m solution Thoe monbranes are semipetmeable with 
respect to some solutes, and are freely permeable to othws, the latter 
being usuaUy lipoid-soluble substances Experiments with electric cur¬ 
rents of diff^nt frequencies give evidence that the seat of the most 
constant and charactenstio phenomenon of irritability, namely, the elec¬ 
tric potential difference, lies m the semipermeable membrane of tiie 
cell. Change in imtabihty is also accompanied by a change m the 
permeabihty of the membrane Anesthetic gubstances change the sus- 
ceptibihty of a membrane to those changes of permeability which are 
necessary to stimulation Experiments by the author on marine organ¬ 
isms whose cells contain a rapidly diffusing pigment show clearly that 
the anesthetio effect of certam salts is due to their effect dn the sus- 
oeptibihty of the cell membrane to permeabihty morease and not to 
their effect on the cell contents The hpoid-eofuble anesthetics, such 
as ethyl ether, all act in the same way as the salts It i^ipears that 
the primary process in stimulation is a membrane pfrocess^ and the 
effect of anesthesia is upon this primary process. The ehemical expla¬ 
nation of this effect is unlmown, but may be due to a disturbance of tiie 
mutual relations of the colloids of the memtwane 
Diseusaion Wblls spoke of the many d^erent causes of eleotrle 
potentials in hqmds, and inquired whether oxidatkm and reduction* 
potentials might not be operative Professor Lmus replied that a 
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number of theones m addition to those he had given had been miggMtwH 
for these potentials, and the subieot is still unsettled. The fact muains 
that if the semipenneabihty of the membrane is destroyed, the potential 
difference is lowered or diuppears. To an inquiry by Bbbo, as to the 
bearing of certam experiments on the injection of leathin-eaturot^ 
ether upon the theory, it was replied that these experiments do not 
settle the point. Gonn mquired as to the effect of calcium salts 

l^e 22Sth meetmg was held at the Cosmos Club on Friday. May 2. 
1918. 

Prof. Etjqsnb C. Butoham, of Richmond College, Richmond, Ya, 
spoke on the subject, FUadtiy and tU relation to other physical and 
cnermeal properties Viscosity and flmdity were &et d^n^, and their 
analogy to eleotno resistance and conductance brought out The evi¬ 
dence shows that flmdities and not viscosities are additive For this 
reason the relation of fluidity to temperature approaches a straight 
line. Liquid emulsions and sohd suspensions, as w^ as mixtures of 
liquids, have been studied by the author. In the case of emulsions, 
viscosity tends to be additive, as expected. In suspensions, aero fluidity 
appears at a percentage comiiosition far below that at which the mix¬ 
ture ceases to flow visibly. This oomporition is believed to represent the 
dividing line between viscous and plastic flow In accorwnce with 
theory, the sero of fluidity is independent of the bquid and of the tem¬ 
perature The lecturer then showed many examples of the use of fluid¬ 
ity curves m interpreting the constitution and relations of mixtures of 

S mc hquids, for instance, themdication of a compound between 
r and chloroform The lecture wAi illustrated by lantern slides 
and experiments 

Dteeusston Soskan mquired whether a ciystaUme compound of 
ether and chlorofonn is known, corresponding to that shown by the 
fluidity curve Professor Bingham knew of none. In reply to inquiry 
by Fobd, as to why the curves of sero fluidity were not earned nearer 
sero. Professor Bingham stated that the solid settles out and closes the 
capillary. Bunzbl men^oned the apphcation of these facts to milk 
and casc^ suspensions The discussion led into the question of the 
cause of emulsification by dilute alkaline solutioiih. Professor Bingham 
believed this due m part to the formation of films from the fatty acid 
or saponifiable oil which might be present. Fobd quoted expemnonts 
of Spbing in opposition to this view In reply to a question W Bbbo, 
it was stated that the condition of the sunace of uie solid does not 
affect the value of fluidity obtained In support of Professor Bingham’s 
view Bbbo quoted the fact that olive oil, when entirely frae from acid, 
is not emulsified by soda, altho it becomes emulwfiable on standing in 
air. SosMAN mentioned the reciprocal relation of density and volume 
as wmllar to tiiat of viscosity and fluidity, and spoke of some miscon¬ 
ceptions that have arisen because density, instead of volume, was 
assumed to be the additive property. 

C. L. Pabsonb nve a brief report on the Milwaukee meeting of the 
Am^can Chemicu Society. 
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The 227th meeting was held at the Cogmoe Club onThunday, May & 
The following papers were read 

H C. Fxtujbb, of the Institute of Industrial Research* The detemn- 
notion caffetn «n tea and coffee. (Read fay Mr Wsttunqiil.) The 
method recommended by the author depends upon the separation of 
the caffem from the bo^ of the v^taUe matter by means of acidu¬ 
lated water, and its extraction from the de^tion with chloroform. The 
caffem is then purified by precipitation with lodm, the iodide is decom¬ 
posed and the pure alkaloid finally extracted with chloroform 
W B Hicks, of the Geological Survey A short practseal method for 
the eatimaium of potassium ^e method consists in the precipitation 
of potassium by platmum chloride from the acidified solution, washing 
with alcohol, solution in hot water, and reduction of the chlorplatinate 
^ metallic magnesium to obtain the platmum m a weighable form 
Ihc method is apphcable in presence of a variety of other salts, and 
has been used by the author in the analysis of salmes. 

Dtscussum In reply to questions by Yodbr and Gbamt, the speaker 
pomted out that the presence of non-volatile salts would mterfere with 
the determination of the platmum by simple ignition In reply to a 
question by Seioelij, it was shown that sodium chlorplatinate is dis¬ 
solved out by alcohol, and dues not mterfere. 

R. C Wells, of the Geological Survey QuanMaitve relaiums between 
oxtdteing and rodwang soluiuma The use of oxygon and hydrogen elec¬ 
trodes for measuring oxidation and reduction potentials m solutions, 
such as ferrous and ferric solutions, is rendered possible by the use of 
platmum Acidity mcreases the oxidation potential, whue alkalinity 
increases the reduction potential The degree of reproducibibty of these 
potentials was discussed The oxygen and hydrogen potentials in pure 
water can be calculated, as well as their clumge with the gas pressure, 
and the two are found to become equal at 0 68 volt and at 10 ~** atmos¬ 
phere. This potential marks the true boundary between oxidinng and 
reducing solutions. Very nearly the same value is obtained by calcu¬ 
lation from the known dissociation constant of water at high temper¬ 
atures # 

Dteeusaion Blum inquired as to contact potentials m the liquid 
circuit, these are smkll m comparison with the potentials measuied 
Yodeb inquired whether potential measurements could be used to deter- 
mme acidity m soil solutions; this would be difficult in the presence of 
oxidising substances. Suluvan suggested an application to biochemi¬ 
cal studies Franklin mquired fuller as to the ferrous-feme equilib¬ 
rium Blum stated that too hydrogen electrode has been succeuully 
used for determimng acidity m materials such as vmegar and wines 
H. C. Gobb, of the Bureau of Chemistry: The moehemutry o/ the 
banana Experiments have been made on the npenmg of bananas m 
a respiration calorimeter and in humidors. During ripemng the starch 
decreases, reducing suesus and sucrose mcrease, and total sobds decrease, 
both m the pulp and peel. There is a considerable mcrease m toe 
amount of water m the pulp The reqiiration rate reaches a maxunum 
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at the tune when ^e starch is decreasing most rapidly A ronsiderablr 
amount of water is absorbed m the hydrolysis of starch, and water is 
produced by oxidation, the net result may be cither a loss or gam in free 
water About 2per cent of the sugar is oxidised 

DtseusBum. The chanm m flavor at the end of ripening was discussed 
by Frankun, Gorb and Chbbnut The point was brought out by 
StrLUVAN, Fraxkun and Sosuan that manganese dioxide, which is 
present in banana peel, acts like a reducing agent or a catalyzer for 
r^u^on. It was stated in reply to questions that bananas are usually 
ripened off the trees Means for accelerating or retarding ripening were 
duoussed by McBridb, Franklin, Hillbbrand and Gore The latter 
stated that experiments are planned on the effect of carbon dioxide 
(asphyxiation). 

Robert B. Sosuan, Secretary 

THE GEOLOGICAL SOCIETY OF WASHINGTON 

The 269th meeting was held on April 9, 1913, at the Cosmos Club 
In the open meetmg E 0 Ulrich spoke concerning the age of the Bays 
sandstone of the Appalachian Valley New fossils from the type local¬ 
ity prove this exposure at least to be of Black River age 

REGULAR PROGRAM 

The mud lumps <U (he mouth of the Mtsatsstpm (illustrated)* E W. 
Shaw. The “ Mud Lumps” are remarkable swolmgs of dark blue clay 
in the shallow water at the mouths of the Mississippi They commonly 
form islands with a surface extent of an acre or more and a height of 
6 or 6 feet They have always been a serious obstacle to navigation 
but with the exception of several papers written by Hilgard the pub¬ 
lished hterature concerning them seems meagre when we consider the 
unusual and important character of the phenomenon. The present 
paper is only a preliminaiy notice and a statement of working hypothe¬ 
ses. The principal new hypothesia is that the delta is affeoteu by a 
bodily seaward flowage and that the mud lumps are incidental to this 
flowage This Involves the assumption that the outer b^ are sandy 
and comparatively nmd whereas Hilgard beheves that just off shore 
deposit consistB oi pery watery clay He sets forth that a crust of 
sand and silt are budt out over this watery clay giving an unstable 
condition and that wherever the crust is weak the sludge breaks up 
thru, forming mud lumps He also thinks that the mud spnngs whicn 
are found on many lumps are vents for the fluid mud underneath To 
the present writer these seemed to be incidental to fissuring produced 
by mud lump upheaval 

A reeonnatsaanee qf the Ardte Slope of Alaskat E db K. LBrnNownix. 
This area is boundM by the Canning River on the west and by^the 
Olqielak River on the east, and extends inland for about 80 miles 
Two provinces are recognised, the Arctic Mountains and the Arctic 
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Slope 'nie former, composed chiefly of pre-Meeoioio rods, extead 
east and west across Arotio Aladca, and are renfoded as a oontmuation 
of the Roolor Mountain System of the Umted States and Canada The 
Ajrotio Slope is divided into the Anaktovok Plateau and the Coastal 
Plun lli^former is a roUms upland forming the northern front of 
the mountains and is composed chiefly of Mesoaoio and Tertiaiy rooks 
He latter is a nearly featureless plam of Pleistocene rooks The drain¬ 
age IB charaoWued by a senes of closely qiaoed nvers flowing nearly 
north from the mouniuns to the Arctic Ocean A 

Schi^ of prolmble pre-Gambnan age were deposited knd mdamor- 
phosed em^ m the history of the region The earhast sedimentation 
of definite age took place m Carbonumous time, when tiie Ehiropean 
section was closely followed Only 300 feet intervene between the 
Qesohellian and upper Tnasmo A senes of marme post-Tnassio rooks, 
whose faunas have not yet been studied, probablv represent the Jurassic 
and perhaps extend into the Cretaceous BlvuWce from neighboniig 
areas mdioates that the Arctic Mountains were deformed in early Ter¬ 
tiary times Their general accord of summits may indicate basMevel- 
ing, but the lack of definite evidence leaves it an open question The 
tilt^ and leveled Phocene rooks in the Anaktovuk Plateau indicate 


that this area was uplifted and base-leveled in late Phocene or early 
Pleistocene times The Coastal Plam was uphfted m the Pleistocene, 
probably before the Wuoonsm stage of glamtion Smoe then there 
have minor oscillations probably less than 26 feet m amount 
Ores qf th$ ilfount LyeR copper dtstrtct of Tamama (illustrated) 
C C OqiBiibt and J E Pooira Two types of deposits are repre¬ 
sented, tyinfled in the two largest nunes of the distnct The Mount 
Lyell mme opens up a pyntio mass of immense sue, low in copper con¬ 
tent but with values m gold and silver He ore is densdy granular 


pynte bearmg thruout ohaloopynte in mmute stnngers and filaments 
and mcluding looahsed areas of tetrahednte and of enargite Bomite 
chaloopsmte. sphalerite, and galena are also present but m subordinate 
amounts At the North Mount Lyell mine the ore minends, m order 
of importance, cue bormte ohalcopynte, oholcoeite, tetrahednte, cuid 
pynte, these form mmerabsed semes in the schists and not a great 
pynte body u at Mount Lyell Metallograpbio study of polmhed 
sections mdioates that both types of deposits were dominantly formed 
thru replacement of the minerals of the eohists and that the deposition 
took plaoe dunng a distinct mmeraluing epoch marked solutions 
progressiyely ohangum m composition and depositing a senes of sulfide 
mmerals m sequential and transitional stages He order of deposition 
among tiie principal minerals is pynte, chalcopynte, bomite, ehalco- 
oite, corresponding to a decreasing mm and increasing copper content 
Einorgite and tetrMcdnte probably mark a late stage in tiio mineralising 
epoch, with these ohaloopynte of a second generation is associated 
He sections give no conclusive evidence of seeondmy sulfide ennoh- 
ment He ores studied are the property of the U S National Museum 

Ralph W Richahds, ^Ssemiory 
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MATHEMATICS .—Tables of the exponential functum ‘ C E. 
Van Obstrand U. S. Geological Survey 
The most important tables of extended values of the expo¬ 
nential function have been constructed by Schulze, Newman, 
Glaisher and Burgess.* 

Schulze gives values of the ascending exponential at mtervals 
of unity between the limits 1 and 24 inehisivc to 28 or 29 sigm- 
ficant figures, and for the special arguments 25, 30 and 60 his 
values mclude 32 or 33 figures. In so far as I have been able 
to asoertam, Schulze gives no information regarding methods of 
computation or accuracy of results Glaisher verified the first 
15 figures of Schulze’s value of e** by direct substitution in the 
senes, the first 23 decimals of with his table of factorials,* 
also iJie first 13 powers of e were verified to 22 places of deci¬ 
mals, and the values of e'S e**, e** to 15 places of decimals 

by means of the relation 

—“ ^ - s*-* + + s + 1 

6- 1 

‘ Published with the permission of the Director of the U S QeologioaL Survey 
■ Bohulse, Sammlung loganthmisaher tngonomotnscher Tafdn 

(Berlm 1778) F W Newman, table of the dnoendiHR exponential function 
to twelve or fourteen places td decimals Camb Phil Soo Trans 13 1883. 
J W L Olaisher, Tables of the expon^tial function Camb. Phil Soo , Trans 

18 1883 James Burgess, On the definite integral ^ ^ with extended 

tables of values Trans Roy Soo Edinburgh 89 1900 

* Qlaisher, 1 o 
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The first table by Newman oontains 370 13*plaoe values of 
the descending exponsptial between the limits 0.1 and 37.0. This 
is hardly the equivalent of a 16-place table as the original com¬ 
putation incftded only 18 decimals. His second table contains 
12-place values of e~* at intervals of 0.001 from x » 0.001 to 
X - 15.340, and 14-place values of the same function from x -■ 
15.350 to X ■> 27.635, the interval bang 0.002 from x » 15.350 
to X » 17.208, and 0.005 from x » 17.300 to x — 27.635. The 
formula used was 


wherem h assumes the constant values 1, 0.1, 0.01, . . 

dependent upon the interval of interpolation. Having given 
and c~* + *> the value of e-* - * is computed from the formula 
by putting 


M- V— s-andJV. 

^ ml 




n. 


m bemg an even and n an odd int^^. The values of the 
separate terms in these expressions may be computed by suc¬ 
cessive divisions. Then the appropriate summations give 

M + N 

a known quantity, and 

M -N -s--‘ 

the quantity to be determined. The equation for M + N, pro¬ 
vides a check on the values of M and N, but the difference which 
is the quantity sought is not verified by this method until an¬ 
other interpolation is made. 

Glaisher gives 10-place logarithmic values and 0 significant 
figures of the natural values of both the ascending and descend¬ 
ing function for the following ranges of argument: 

From X - 0.001 to x * 0.100 at intervals of 0.001 
^ X - 0.01 " X - 2.00 •• « 0.01 

“ X - 0.1 " X - 10.0 « “ 0.1 

" X - 1 “ X - 500 « « « unity. 

Since the natural values were computed from the logarithmic 
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values, the maxiinum tabular error is one unit in the ninth sig¬ 
nificant figure with the exertion of values of e~* contained in 
Newman’s tables. The remaining values of Qlaisher’s tables 
were checked either by differences or by duplicate dbmputation. 
Mr. Shanks* had previously obtained the value of e to 137 places 
by direct substitution m the series. Glaisher verified ttiw result 
by means of the oontmued fraction* 

^ I _ 1 _ 1_ 1 _ 

2 1 -I" 6 10 -f- 4ft -|- 2 -|" 


He also evaluated e~** to 32 places of decimals, using the for¬ 
mula 


. 

10 “ 


( 1 ). 


The quantity y X 10~" is here an approximate va'ue of e** 
Burgess gives 30-place values of e~* for z 0.5, 1,2, 

10; and 14 values of e-*' at irregular mtervals between the limits 
1 0 and 3 0, rangrng in extent from 23 to 27 decimals. These 
values were used in his evaluation of the probability integral, 
but no information seems to have been given with regard to 
either method or accuracy of computation 
The present table has been computed roughly to 35 decimals 
or significant figures by means of the derivative formula 

g*+A» . 


A ten-groove computing machine of the millionaire type was 
used m making the computations. In a few instances the eval¬ 
uation was earned to 40 or more decimals for the purpose of 
obtaining a complete check on my own values and the more 
extended values given by Schulze and Glaisher. 

In order to obtain a check on the successive computations, 
the vidue of the constant factors were evaluated from the 
senes with the aid of Glaisher’s table of factorials. The value 
of 6 is well known and its reciprocal to 44 places of decimals 

* One year later the value of e was given to 206 plaeee See Proo Roy Soo 6 

897 1864 

* Ghryttalfl Algebra 8 406; A Hall, Math Monthly 1801 
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was given by Sohulse and repeated by Qlaiaher. This value I 
also computed by reciprocation and found the error to be 1 unit 
in the 44th decimal. Ten interpolations between the limits x * 
* 0.1 and af " ^1.0 thus suffice to check the constant factors 
«*»> and the successive powers «*•*, «*••, c*®*. Proceed¬ 

ing in this way, the functions were first evaluated at intervals 
of umty by repeated multiplications by the factors ® and with 
these values as a basis, the values at intervals of 0.1 and 0.6 
were obtained by successive multiplications by the factors e*®* 
and 0 *®*, a check being obtained on the fifth and tenth interpo* 
lations Further independent checks were obtained by use of 
the factors, e**-®’ and c^^®®. The maximum difference between 
any value obtained by use of the factors e*®* as compared with 
the value obtained by use of the factors s*®' and ® was about 
15 units in the 35th decimal or significant figure. Comparisons 
based on the other factors just mentioned showed differences of 
the same order of magnitude. Another check consisted in com¬ 
puting a few isolated values by means of equation (1) 

The applications of the exponential function in pure and apphed 
mathematics are so numerous and many of them so well l^own 
that it would be useless to attempt a ffiscussion of them in this 
paper It appears desirable, however, to call attention to a 
simple check which this function provides for the evaluation of 
sin X and cos x. We may evidently write 

^-Mn* + o«* + 2[^+*-+. ] + 2[^ + |-+ ]. 

Since all of the quantities in the i;jjght-hand member of the above 
equation are known, the value .of e* is readily obtained by a 
simple summation. I have applied this check to my values® of 
sin X and cos x for x « 0.1, 0.2, 1.6. No errors were 

discovered. 

In the following table the values from x « 0.0 to x - 32.0 
have been tabulated to either 20 decimals or 20 (sometimes more) 
significant figures. The tabular eriror is always <5 units in the 
next succeeding tabular value. The more extended values are to 


• ThuJounulS 388 1813 
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be published elseiwhere. Further inteipolatioiis are being made 
for the purpose of obtaining a complete table of this important 
function. 

Credit is due Messrs. R. Weinstem and A. G. Seiler for the 
thoro and careful manner in which the computations have been 
made . 

PHYSICS .—Summary <4 tests mads on bismuth Utermopiles Wm 
W. CoBLBiNTt, Bureau of Standards 

During the past year various tests have been made m con¬ 
nection with the improvement of the radiation sensitivity of 
thermopiles made of bismuth and some other metal, e g, silver, 
iron, etc The results of these tests are now publi^ed with the 
hope that they may be useful to others. 

The term radiation sensitivity is to be emphasised for the 
thermojunction giving the hif^est thermal sensitivily (emf); it 
IS not necessarily the one having the highest radiation sensitivity. 

With reference to the radiation senmtivity, Johansen* has 
shown theoretically: (1) that the radii of the two wires of the 
element should be so chosen that the ratio between the heat 
conductivity and the electrical resistance is the same in both, 
(2) that the heat loss by conduction thru the wires should equal 
the heat loss by radiation from the junction; and (3) that the 
radiation sensitivity is proportional to the square root of the 
exposed surface. Johansen's practice, however, was poor, in that 
he j'oined the "cold,” unexpo^, junctions directly to the metal 
posts eupporting the instrument and unfortunately some manufac¬ 
turers of thermopiles are now following his example. 

In the construction of thermopiles the most important desid¬ 
eratum IS symmetry of the "hot” and the "cold” junctions, just 
as IS true of bolometers. The unexposed junctions must be cov¬ 
ered with receivers having the same sue and emissivity as the 
exposed junctions. Furthermore all the junctions must be free 
from the supports so that they may quickly take the temperature 
of the surrounding air which becomes heated by the incident 

> JohanMa Ann. der Phys. (4) S8. A17. 1910 
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radiations. If tbe unexposed junotions are joined direotly to the 
metal pins used in supporting the elements, the galvanometer 
mirror will “drift,” so that it is practically impossible to use such 
an “unsymmetrical” thermopile with a sensitive galvanometer. 

The novelty in the thermopiles as constructed at the Bureau 
of Standards is the receiver, which, like a bolometer, can be made 
entirely opaque and can be built up so as to present a large sur¬ 
face.* The square root law, cannot of course hold for a very 
large receiver attached to a thermojunction. With bismuth 
wire 0 1 mm diameter it was found that the optimum length 
of receiver was 2.5 to 3 mm. which, however, is sufficiently long 
(loc cit) to enable the construction of a large receiver by using 
many junctions The importance of submitting the theoretical 
conclusions to experiment is further illustrated m connection 
with the square root law For example. Fom receivers each 
having exposed areas of 1 x 1 sz* twice as senmtive as a 
single receiver 1 X 4 Experimentally however, with bis^ 
muth wire, 0.1 mm. diameter, there is but little gam in sensi¬ 
tivity by placing more than two junctions per millimeter length 
of the composite receiver. 

In order to keep the resistance low, it was shown (loo cit) that 
the best diameter of bismuth wire is 0.1 mm. The proper diam¬ 
eter of silver or copper wire is 0 036 to 0.038 mm. In spite of 
theory which would have required a wire having a larger diameter, 
it was found that an iron wire, 0.030 mm. in diameter, joined 
to bismuth (m these tests the receivers are the same sue, loc. cit. 
figure 2, and they are exposed alternately, or simultaneously for 
the differential deflection) was about 0 per cent more sensitive 
radiometncally than a similar sample 0.0418 mm. in diameter 
In order to still further reduce the resistance, two junctions are 
joined m parallel, by joining them to a single receiver. These 
pairs of junctions are then joined in series. 

It is found that the thermal emf. of various samples of bismuth 
varies from 75 to 82 mv. per degree with but bttle variation in 

■Bull Bur StondBrds 9 7 1912 In further refeteneee thu will be eited 
"loo oit ’’ 
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resistance It is therefore necessaiy to test the material to be 
used. 

In the following tests one end of the bismuth wire was joined 
to silver (0.S6 mm.) and the other to iron, and both were covered 
with receivers of the same area. 

A sample of steel wire (0.036 mm diameter) havmg an emf 
of 0 mv when joined with bismuth has a radiation sensitivity 
about 23 per cent hi^er than the other junction of bismuth sil¬ 
ver. A sample of iron wire (0.36 mm. joined to bismuth) hav¬ 
mg an emf. of 13.6 mv. was 28 per cent more sensitive than the 
junction of bismuth and silver The mcrease in sensitivity 
of iron over steel was not so marked as was anticipated. 
Since, however, it is difficult to place more than two junctions 
per millimeter length of recmver, it will be a decided advantage 
to use junctions of bismuth iron, when the instrument is m a 
vacuum to avoid rusting. The resistance is kept low by joining 
two junctions in parallel to the same receiver 

For work m air exposed to sulphur fumes, a thermopile of bis¬ 
muth-copper (or pure gold) will probably outlast iron or silver 
In all cases, however, the wires are given a thin coat of shellac 

The bismuth wire cannot be rolled, but it can be easily flat¬ 
tened by pressmg the wire (cut to the proper length for the 
thermopile) between plate glass. The samples tested were of 
0 1 mm. diameter and were pressed to a width of 0 26 to 0 3 mm 
and a thickness of 0.04 mm. If pressed thinner the breakage is 
mcreased. 

To teat the radiation sensitivity a flalTbismuth wire 3 mm. long 
was welded to a mmilar piece of the round wire The free ends 
were joined to silver wires (0.036 mm) and to these junctions 
were attached receivers 1.5 x 1 mm. which were painted with 
lamp black and smoked. When exposed to radiation (either 
alternately or simultaneously) it was found that the flat wire had 
a radiation sensitivity about 9 per cent hi^er than the round 
wire. It is convenient to handle the flattened wire and therefore 
desirable to construct the thOTnopile of flattened wire which 
reduces the heat conduction 
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Reduction of the gas pressure to 0 1 mm pressure ehmi nates 
air currents and doubles the sensitivity 

Owing to the high sensitivity of this device, it would seem de¬ 
sirable to attach it to a recording device and test its usefulness 
for measunng solar radiation at the earth’s surface and at the 
highest altitudes attainable with a balloon Its apphcation to 
the radiomicrometer (loo cit) is also important In this connec¬ 
tion it would seem desirable to construct the device m aocordanoe 
with the resistance requirements for critical damping m moving 
coil galvanometers rather than adhermg to the older theory worked 
out by Boys which requires but a smfde turn of wire and a am^e 
thermoelement 

The apphcation of such instruments to the measurement of 
radiation from stars, fireflies, etc, seems futile, unless absorption 
screens are used to determine the quantity of radiation m differ¬ 
ent parts of the spectrum Otherwise the measurement is but 
httle more than a test of the sensitivity of radiometer 
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Author* of Mientlfio paper* are r*<iue*ted to *ee that abatraoU, preferably 
prepared and signed by themaelves, are forwarded promptly to the editor* Each 
of the aoienttfio bureaue in Waatungton haa a representatiTe authorued to for¬ 
ward auoh material to thu Journal and abatraota of ofiBoial pubboatioiia should 
be tranaxnitted thru the repreaentative of the bureau in which they onginate 
The abstraota should oonfonn in lengUi and general style to those appearing in 
this issue 

METEOROLOGY ,—Atmoaphenc hymuhiy as related to hose, fog, and 
nstbthfy at Blue HxlL A H. Palukb Bulletin of the Mount 
Weather Obeervatoiy 6:231-246. 1913 
This is a detailed account of the conditions under which base, fog, 
and different degrees of visibility occurred during a period of ten yean 
at Blue Hilli Maas., and is of special value to any one who wishes to 
know the minutia of the local olimate W J Huuphbetb 

« 

ELECTROCHEMISTRY —Eledrolyna in pknn and reinforced eon- 
erete. E. B. Roai, Bttbton McCou<xm and O. S Pbt^ Tech- 
aol(^c P^)er No. IS, Bureau of Standarde. 

Thu paper treats of the problems aruiog out of the passage of stray 
electric currents thru reinforced and non-reinforccd concrete The first 
part of the paper desonbce and gives the results of a large number of 
laboratory experiments These eiqpenments show that if iron u made 
anode m moist concrete at a temperature of 45*’C., or more, rapid cor¬ 
rosion of the iron occurs Thu is followed by cracking of the concrete 
which is due to the pressure developed by the formation of the rust 
on the surface of the iron. Below 45'*C. there u almost no corrosion 
of the anode. With contmued application of the current there u an 
enormous rise in the resistance of tbe specimen which greatly reduces 
the flow of current and thus tends to protect the mm ^e addition 
of salt to the concrete completely destroys the passivity of the iron 
at all temperatures When the iron u made cathode the sodium and 
potasiium in the cement are concentrated about the iron by the cur¬ 
rent, resulting in diaintegratiun of the concrete in the immediate vicimty 
of the iron and destruction of the bond The strength ofnoQHreinforoed 

aei 
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concrete ua not affected by the paeaage of the current Parts two and 
three of the paper consist of a discussion of the possibilities of trouble 
from stray currents occurring in practice, and precautions which should 
be taken to prevent damage where it is likely to occur. B. McC 

GEOLOGY —Coal fiddo of Grand Meaa and the West Elk Mouniasns, 
Colorado Winus T. Lbb. Bulletin U B Geological Survey No. 
510 Pp 237 with mapSf sections, and illustrations 1912 

The coal fields of Grand Mesa and the West fllk Mountains he in 
central western Colorado Grand Mesa is a largo lava-covered table¬ 
land rising about 10,000 feet above sea-level and 5000 feet above the 
surrounding country The coal beds underbe the mesa and outcrop m 
its Hides The West Elk Mountains consist principally of igneous rock 
both intrufflve and extrusive The moat conspicuous peaks are formed 
by the laccoliths exposed by erosion of the sedimentary rocks that once 
covered them 

The sedimentary rocks described are pnncipally of Cretaceous and 
Tertiary age The Dakota sandstone rests unconformably on the Gun¬ 
nison formation which oontams fossils that correlate it with the Mor¬ 
rison, and IS overlain by the Mancos shale which is about 3000 feet 
thick and which is of Colorado age below and Montana above. This 
followed by the Mesaverde formation nearly 3000 feet thick which is 
divisible into a basal sandstone (Rollins), a coal-beanng member of 
manne and brackish water origin (Bowie), a coal-beanng member of 
fresh-water ongm (Paonia), and a tliick sanes of undifferentiated rocks 
The non-manne beds contain fossil plants that seem to show that they 
are younger than Mesaverde The Paonia shale is separated from the 
Bowie by on unconformity (In the official pubboalaon these shales 
are given the rank of members of a formation The wnter personally 
dissents from a decision whereby rocks both above and below an 
unconformity are placed m a single fonAbon and beheves that the 
Rolhns, the Bowie, and the Paonia, whicVmight properly to include the 
undifferentiated beds overlying it, should be raised to the rank of 
formations) 

The Tertiary bods be unconformably upon the Mesaverde and con¬ 
sist of the Ohio Creek conglomerate, the Wasatch, and the Green River 
formations. The Wasatch of the eastern part of the area described was 
fomerly known as the Ruby formation, but this name has been aban- 
d<med inasmuch as the Ruby seems to be a part of the Wasatch. 

Coal beds of httle economic value occur at the base of theManoos 
diale ^ High grade, bituminous coal is found m the Bowie shale, and a 
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lower grade, varying from eubbitominoua to bitummous coal, in the 
Paonia shale In the West Elk Mountams the coals of both members 
have been changed to anthracite, presumably by the rock movements 
and the heat attending the intrusion of great masses of igneous rock. 
Some of the laccoliths woe intruded below the coal beds, others within 
the coal'beanng rocks, and still others above them However, it is a 
fact worthy of careful consideration in connection with the motamor- 
phism of coal, that some of the unmetamorphosed coals lie close to the 
igneous rock and that much of the anthracite hes at considerable dis¬ 
tances from any of the known mtrusive masses. W. T Lbb 

GEOLOGY —Otology and ore depoetto qf the Butte dtebnct, Montana. 

Walter Habvst Weed. U S Geological Survey Professional 

Paper 74. Pp 262, maps, and sections 1612 

A central mass of granitic Awk is exposed in the Butte region for 
about 64 miles m length and 12 to 10 miles in width and is surrounded 
by upturned and folded sedimentary rocks whose edges are abruptly cut 
off by the gramte Remnants of ^ former capping of dark-colored, baked 
andesites occur as patches over the northern part of the gramte region, 
and extensive areas of these same rocks form mountain masses flanking 
t]|e granite on the east, north, and west, concealing the sedimentary 
contact m these areas These andesitic rocks are partly intrusive but 
are mainly extrusive lavas or volcanic dObns. The gramte itself con¬ 
tains numerous patches and dikes of white aphte, in places tourmahne- 
beanng, that are regarded as a later siliceous phase of the gramte itself 
All these earber rocks, including the sedimentary limestones, etc, are 
cut by rhyolitic dikes and capped by extensive accumulations of frag¬ 
ment^ rhyolitic rocks and lava flows Mmeral vem formation preceded 
this later volcanic penod and is still in progress in some parts of the 
district. Over the northeastern part of the granite region quartz veins, 
usually barren, are extremely common and of unusual size, forming the 
crests of long, high ndgos and dominating the local topography The 
deeper older valleya of the distnct aro filled by alluvial and lake beds 
largely composed of rhyolitic volcano dust and material washed down 
the slopes when the rhyolitic eruptions occurred. 

Hie metalbferouB ores of the Butte distnct are of two distinct classes, 
copper and siliceous silver The copper ores contam a little silver, the 
silver ores rarely contain copper; both copper and silver ores contain 
little gold and the high-grade silver ores contain it m important amounts 
The t}rpical ores of th& two classes are distinctive and are characterized 
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well<iuarked minoral aasociation, but other ores ocour which are not 
typical but are a mixture of both kinds 

The wall rooks of the veins contain copper Chemical analyses of 
fresli unaltered matenal show that the Butte quarts monsonite holds 
copper, though in less amount than the altered rock 

The question as to the source of the copper m the lodes is complex, 
as the amount of cupper present in the altered rocks is in excess of that 
in the fresh rock and there is no body of leached rock from which this 
excess of copper could have come The evidence seems to mdicate that 
the alteration of the rock and its impregnation with copper are due to 
a common cause, and that copper has been added to the rock, together 
with silica and iron, the two other constituents which are so abundant 
m the altered granite 

Tho the evidence is not conclusive, it is behoved to mdicate that 
the copper and other metals of the c^arti-pynte veins are derived 
from magmatic emanations commg from a deep^eated mass of igneous 
magma The rhyohtc porphyry intrusion appears the moat probable. 
A second and later mineralisation occurred at the tune of tj|B|Thyohtio 
eruption, forming the silver veins and the ores of the Bmervein and 
other fault vem senes 

The sequence of the vem systems is considered to bo as follom (|) 
East-west or Anaconda system (oldest), (2) Silverbow syst^mdn^ Blue 
Vem system, (4) silver veins, (5) Steward system, (6) MoAmun View 
fractures, (7) Bums fault zone The enorgite veins arc of different ages, 
but are all youngs than the Anaconda system. 

The veins of the Anaconda and Silverbow systems are quarta-pynte 
veins, those of the Blue and Steward ^sterns are mineralised fault veins. 
Many of the most productive lodes of the distnct are compound or 
composite veins, due to a combination or superpoeition of the two types 
m one vem—that is, a reopemng of an old vem with deposition of new 
matenal As many of the older veins have been reopened in this way 
they have the characters of both the quaita-pjmte and fault vema. The 
four ^sterns embrace practically ail the productive veins of the di»> 
tnct It is not certam, however, that all the veins having a 
direction are of the same age. It la known that the district has been 
an area of mov»nont and fracture ever since the tune of the granite 
intrusion, and has oontmued so to the present day Tlie early fractures, 
tho cemented by mineral matter, have been hues of weakness and 
have been reope^ either by direct fracture or during the straining of 
the rock mass by the faulting of blocks Iqr other crossing frecturea. 

W. H. W. 
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GEOPHYSICS —Volcanic dust a» a factor in the production of 
climatic changes ^ W J, Humphruyb, Weather Bureau To 
be published as a BtUleflm of the Weather Bureau 

Geological investigations have given us a great deal of informa¬ 
tion m regard to the climates of the past, and the following 
tentative conclusions appear to be well established (a) The cli¬ 
matic changes were several, probably many (6) They were 
simultaneous over the entire earth, and m the same sense That 
is| colder everywhere at the same time (climatically speaking) 
or warmer everywhere (c) They were of unequal mtensity. 
(d) They probably were of irregular occurrence, and of unequal 
duration (e) They, at least one or more, progressed with sec¬ 
ondary variations of inte^ity, or with advances and retreats of 
the glacial edge (/) They have occurred from very early, prob¬ 
ably from the earhest, geological ages down to the present, and 
presumably will contmue irregularly to recur for many ages yet 
to come 

Many efforts have been made to find a probable and at the 
same tune an adequate physical basis for or cause of the climatic 
changes that are luiown to have occurred, but, one after another, 
nearly all have been defimtely and finally abandoned, either 
because of moonsistency with known physical laws or because 
they proved inadequate to meet the conditions imposed by geo¬ 
logical mvestigations 

‘ Pr8MBt«d in Bubetance before the Aetronom oal and Aairophyaioal Society 
of Amenoa at Cleveland 0 January 1 1S13 
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Doubtleee there have been several contributing causes of cli¬ 
matic change, but it is the specific purpose of this p^per to dis¬ 
cuss only one of these,—a cause that during historic times has 
often been fitfully operative, and oonceming which we have 
much defimte information. 

Tlie cause or factor m question is the presence of volcanic drut 
tn the upper atmoaphere 

Volcanic dust has often been mentioned as a possible cause 
of cold seasons. Thus in Mi^, 1784, Benjamin Franklin (and 

be may not have been the first) wrote as follows* 

• 

Dunna several of the summer months of the year 1783, when the 
effects oil the sun’s rays to heat the earth m these northern regions 
should have been the greatest, there existed a oonstant fog over all 
Europe, and ^reat part of North iUnenca. *1108 fog was of a perma¬ 
nent nature, it was dry, and the rays of the sun seemed to have little 
effect towards dissipating it, as they easily do a moist fog, arising from 
water They were indeed rendered so fomt m passing through it, that, 
when collected in the focus oi a buming-glasa, they would scarcely 
kmdle brown paper Of course their summer effect in heating the earth 
was exoeedin^y dmunished 

Hence the surface was early frosen 

Hence the first snows remamed on it unmelted, and received con¬ 
tinual additions. 

Hence perhaps the wmter of 1783-4 was more severe than any that 
happened for many years 

'Die cause of this umversal fog is not yet ascertained Whether it 
was adventitious to this earth, and merel;f a smoke proceeding from 
the consumption by fire of some of those great burning balls or globes 
which we happen to meet with in our course round the sun, and which 
are sometunes seen to kindle and be destroyed m passing our atmos¬ 
phere and whose smoke might be attracted and retamed by our earth, 
or whether it was the vast quantity of smoke, long contmumg to issue 
during the summer from Hecla, in Iceland, and that other volcano 
which arose out of the sea near that island, which smoke might be 
spread by various winds over the northern part of the world is yet 
uncertam. 

It seems, however, worth the inquiry, whether other hard wmters, 
recorded in history, were preceded fay similar permanent and widely 
extended summer fogs. B^use, if found to be so, men mi^t from 
such fogs ooDjeoture the probability of a succeeding hard winter, and 
of the damage to be expected by the breaking up of boson rivers in 
the Spnng; and take such measures as are possible and practicable, 
to secure themselves and effects from the mischiefs that attend the last.* 

' See Sparks, "Life of Benjamin Franklin,” •' 456-4S7 (Cited in Proeeedlnp 
of the Aner Phil Soo , 4S, 137 190S ) 
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The idea then that voloanio dust nuqr be an important factor 
in the production of climatic changes is not new, but hitherto 
the idea has not been supported either by a clear explanation 
of the process by which such dust can lower average temperar 
tures or by a discussion of all the available observational data. 
In fact the rational or theoretical discussion has not long been 
possible smce, in almost every particular, it depends upon the 
results of recent investigations. 

We shall now briefly consider, under separate heads, the sev¬ 
eral points essential to an imderstanding of how volcanic dust may 
influence, and of the extent to whlbh it actually has mfluenced, 
our average temperatures—^by what process it may modify and 
to what extent it actually has modified our climates. 

Atmospheric regions At an elevation that m middle latitudes 
averages about 11 kilometers the temperature of the atmosphere 
becomes substantially constant, or, m general, ceases appreciably 
to decrease with increase of elevation, this is, therefore, the upper 
limit of distinct vertical convection and of cloud formation. 
Hence, while volcanic or other dust in the lower or cloud region 
of the atmosphere is quickly washed out by snow or ram, that 
which by any process happens to get mto the upper or isother¬ 
mal region must contmue to drift there until gravity can bring 
it down to the level of passing storms. In other words, while 
the lower atmosphere is quickly cleared of any given supply of 
dust, the isothermal region retains such dust as it may havef 
for a time that depends upon the suse and density of the indi¬ 
vidual dust particles themselves, or upon the rate of fall. 

Sise of volcanic dmt particles. From the angular dimensions of 
a reddi^ brown corona, known as Bishop’s ring, seen around 
the sun after the eruptions of Krakatoa, Pel6 and certain other 
volcanoes, it has been calculated, by the aid of the laws of dif¬ 
fraction, that the average diameter of the particles to which this 
ring was due, Mwiming them spherical, was about 1.85 microns. 
Hence, with ♦‘■biw information, it becomes possible to calculate 
the time of fall of volcanic dust. * • 

Time of faU. By namg the excellent measurements recently 
made by McKeehan* on the terminal velocity of falling globules, 

*Phyi Rev,8S 163 1911 
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it is easy to show that spherical particles of volcaiii^duBt of the 
sue above determined would require more than a year to fall 
from only the maximum height already reached by Boundin|^ 
balloons down to the upper cloud limit. But as most volcamc 
dust does not consist of solid spheres, but rather of flakes and 
rods, and agam, as much of it is finer than the size assumed, it 
follows that the tune of fall may, in rare cases, be as much as 
two to four years, or possibly even longer. ObviouBly then vol¬ 
canic dust once in the upper atmosphere must remam m it for 
many months and be dieted out, from whatever origin, mto a 
thin veil covering perhaps th# entire earth. Hence to find its 
effect on the temperature of the lower atmosphere it is necessary 
to detemune its action on radiation, both terrestrial and solar. 

Comparative action of volcantc duet on terreeirtal and on solar 
radiations. Since those volcamc dust particles that remain long 
suspended in the atmosphere are large in comparison to the cube 
of the wave-length of solar radiation, at the region of maxiiniim 
mtensity, and small m comparison to the cube of the wave¬ 
length of terrestrial radiation, also at the region of maximum 
mtensity, it is easy, by the use of equations developed by Ray¬ 
leigh,* to compare the action of the dust on the two kmds of 
radiation. 

This calculation shows that volcamc dust particles, of the size 
mdicated by Bishop’s ring, is roughly 30 fold more effective m 
«huttmg solar radiation out than it is in holding terrestrial radia¬ 
tion m. Therefore a veil of volcanic dust must produce an 
inverse green-house effect, and, if long continued, should per¬ 
ceptibly lower our average temperature. Let us see then what 
observational evidence we have on the effect of volcamc dust 
on insolation mtensity and average temperatures. 

Pyrhehometric reco^. This subject ^ been carefully studied 
by Dr. Kimball* of the U. 8. Weather Bureau, who finds that 
there was a marked decrease in the insolation intensity from 
the latter part of 1883 (the ye^ this kind of observation was 
beguq) to and including 1886, from 1888 to 1892, and during 
1903. There has also been a similar decrease since about the 

Phil Ma|.,4y 376 1899 

■ Bull Mt. Weather Obey , 9 00 1910. 
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DxsoBBPAifoiaB BanrasN Atbei^gb Tbmpprattobs and Sttn-Spot Nvumm 

OATM 

VAfim or 

MMBWAVOr 

1 


17«HSe 

Cold 

KOtlugia, Iceland, 1766 

1766-07 

Cold 

Heola, Iceland, 1766 

Mayon, Loion, 1766 

1776-60 

Warm 

Maxinmin number (annual) of eunHspots over e 
corded and unusually short spot period Can 
it be that the solar constant actually was dis¬ 
tinctly greater than usual at th 8 time? 

1784-66-86 

Cold 

Abam a / JSapan, 1783 The moat fnghtful erup¬ 
tion on record 

Skaptar JokuU, Iceland, 1783 

Veeuvius, Italy, 1785 

1709 

Cold 

Fuogo (?) Guatemala (Uncertain ) 

1800 

Cold 

St George (7)) Asorec, 1808 G^noertain ) Etna(7), 
Sicily, 18D0 (Uncertain ) 

1812-13-14-16-16 

Cold 

Soufri4re, St Vmoent, 1812 

Mayon, Luion, 1814 

Tomdobo, Sumbawa, 1816, very great 

1881-32 

Cold 

Graham’s Island, 1831 

Babujan Islands, 1831 

Pithincha, Ecuador, 1831 

1866^ 

Cold 

Cotopaxi (7), and others, 1855-^06 (Uncertain ) 

1872-73 

Cold 

Vesuvius, Italy, 1872 

Merapi, Java, 1872 

1876-76 

Cold 

Vatna JOkull, Iceland, 1875 

1884-86-86 

Cold 

Kbaeatoa, Straits of Sunda, 1883, greatest Binoe 
1783 

Saint Augustin, Alaska, 1883 

Tarawera, New Zealand, 1886 

1800-61-02 

Cold 

Bogoslof, Aleutian Islands, 1800 

Awoe, Groat Sangir, 1802 

1002-03-04 

Cold 

j 

Pel^, Martinique, 1002 

Santa |Iaria, Guatemala, 1002 

Colima, Mexico, 1003 

1012-18 

Cold 1 

Katmai, Alaska, 1012 


^ CapitAlfl indioAte ezceptionAl yiolenoe 
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nuddle of 1912. Now all these deoreases of insolation intensity, 
amounting at times to 20 per cent of the average mtensity, fol¬ 
lowed violent volcanic eruptions that filled the isothermal region 
with a great quantity of dust. 

Starface temperaturet. It has been known for a long time that 
the number of sun-spots and the average temperature of the 
earth are roughly related in the sense that the greater the num¬ 
ber of spots the lower the temperature, and the smaller the 
number of spots the higher the temperature. But this rdatiom 
has many marked exceptions, every one of which, or at any 
rate all the more important ones, occurred immediately after 
violent volcanic explosions and presumably therefor were caused 
by volcanic dust. 

The list on page 360 gives the more important of thrae dis¬ 
crepancies, since the beginning of sun-qiot records to the present, 
and their probable causes. 

From the above it appears quite certain that voloamc dust 
can lower the average temperature of the earth by an amount 
that depends upon the quantity and duration of the dust, and 
that it repeate^y has lowered it certainly from 1**F. to 2*T. 
for periods of from a few months to fully three years. Hence 
it certainly has been a factor, in detennining our past climates, 
and presumably may often be a factor m the production of our 
future climates Nor does it require any great volume of dust 
to produce a marked effect. Thus it can be shown by a simple 
calculation that less than the one thousandth part of a cubic 
mile of rock spread uniformly thru the upper atmoqihere as 
volcanic dust would everywhere decrease the average intensity 
of insolation received at the surface of the earth by at least 20 
per cent and therefore would, presumably, if long continued, 
decrease our average temperatures by several degrees. 

CONCLXmiON 

It has been shown in the above, among other things, that 
volcanic dust in the high atmosphere decreases the intensity of 
solar radiation in the lower atmosphere, and therefore the aver¬ 
age temperature of the earth, substantially as theory indicates 
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a priori that it should; and this effect has been clearly traced 
back to 1750, or to the tune of the earliest reliable records. 
Hence it is safe to say that such a relation between voloanio 
dust in the upper atmosphere and average temperatures of the 
lower atmosphere has always obtamed, and therefore that vol¬ 
canic dust must have been a factor, possibly a very important 
one, in the productton of many, perhaps all, past climatic changes, 
and that thru it, at least m part, the world is yet to know many 
another climatic change in an irregular but well-nigh endless 
series—usually slight tho alwa}rs important, but occasionally it 
may be, as m the past, both profound and disastrous. 

PHYSICS.— Mating pointa of the rtfractory dementa. /. EU- 
menta cf atomic weight from 48 to 69 G. K. Bnnaiiss and 
R G. 'Waltbnbbbo, Bureau of Standards To appear m 
The Bulletin of the Bureau of Standards. 

The elements included in this list are the iron group mckel, 
cobalt, iron, manganese and ohronuum, and also vanaifaum and 
titamum. In subsequent papers results will be given on other 
refractory elements now being studied, and it is hoped eventually 
to include all the available refractoiy elements m this series of 
meltmg point determinations. The method mainly used is that 
of the micropyrometer* which, with substances that melt sharply 
as nickel, cobalt and iron, permits working to a precision of 1 or 
2 degrees with a few thousandths of a milligram of the material. 

An estimation of the melting points of the iron group elements* 
was made some years ago by a similar but less sensitive method 
at a time when none of these meltmg pomts was well known. 
The object of these earlier measurements was primarily to demon¬ 
strate ^e convenience and reliabihty of the method especially for 
those elements which can be obtamed pure only m nunute quan* 
titles. It is believed that the present series of determinations, 
with the improved apparatus, will contribute to a more exact 

I A mioropyrometar, by 0 K Burgessj J1 Waahmgton Aoademy of 8oianoo0» 
9-7. mz PhyB Z8,u 158 1918 Bull Bureau of Studardi, 9 475 1918 

> Melting points of the iron group elemento by a new radiation method« by 
Q K. Burgen. Bull Bureau of Standards, I 845. 1907 
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knowledge of these melting pomts. The melts were made for the 
most part in pure hydrogen, and exc^t for titamum, were taken 
on platmum strips 6 to 8 cm. long, 4 mm wide, and 0.01 or 0.02 
mm. thick. Manganese was also melted on mckel strips and 
titamum was melted on indium strips 

CalibratMTi vnth nickel and palladium For melts on platinum 
the pyipmeter was calibrated m terms of the melting points of 
mckel and palladium The melting of these metals is extremely 
sharp on 'platmum and they appear to show no alloying until 
they melt It is assumed that they melt on platmum at the same 
temperatures as in crucibles, this we have found to be the case 
for mckel, palladium, platmum, and ironi Numerous observa¬ 
tions were made with various metals upon the possible effects on 
the melting pomt determinations of alloying with the platinum 
strip We are convmced, that except possibly m some cases which 
wo shall not consider here m which there may be a chemical 
reaction among the materials in the furnace, as for example when 
ahcon, platmum and hydrogen are together, there is no sigmfi- 
cant alloying effect with the apparatus and materials as we use 
them. 

The melting points of both mckel and palladium may be con¬ 
sidered as well established by several senes of measurements.* 
We have made an mdependent optical detenmnation of the mckel 
melting point m hydrogen with an Arsem furnace * The nickel 
was melted m a magnesia crucible contamed withm an out-glased, 
closed-end porcelain or kaohn tube. Temperatures were meas¬ 
ured with a Holbom-Kurlbaum form of Morse pyrometer which 
had been cahbrated by Dr Kanolt at the melting points of anti¬ 
mony (630“), AgiCui (779®), silver (960®6), copper (1083®), and 
diopude (1391®). Five observations by Dr Kanolt on the melt¬ 
ing point of platmum with this pyrometer gave 1756® 5 in 

an iridium furnace, or m exact agreement with the generally 
accepted value * 

For nickel, four observations gave us 1449®, 1450®, 1449®, 1449® 

*Ree Day and Soman, Carnegie Institution of Washington, Pub 107, 1911. 
aidner and Burgeaa, Bull Bureau of Standards, S 108 1007 

« Jl Am Chem Soo , » 921 1906 
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in the Arsem furnace, by the method of optical heating and cool- 
mg curves,* valu^ which are close to Day and Sosman’s value, 
1452°. Four observations of the melting pomt of mckel on 
indium with the miorop 3 rrometer gave us 1452°. 

With the long filament pyrometer lamps used, the equation* 
log c B a -H b log T (in which c - current and T i- absolute temper¬ 
ature and b is very nearly umty) is sufficient for very considerable 
temperature rangra, and penmts a calibration m temfb of two 
temperatures only, i.e., nickel and palladium Applying this 
equation by extrapolation to the determination of the platinum 
melting pomt by observing the meltmg of platinum strips mounted 
as usual for takmg metal mdts, we obtained 1755° ^ 5 from six 
observations. The values found for diopside (1391°) and anor- 
thite (1549°) by Day and Sosman were also exactly reproduced 
by us with the micropyrometer. 

The metals actually used for calibration m hydrogen were 
^'Kahlbaum” electrolytic nickel {MP 1452°) and pure Heraeus 
palladium (MF > 1549°), both of the same grade as used by Day 
and Sosman ' A sample of their palladium gave exactly the same 
meltmg point as ours. In controlling the constancy of the pyrom¬ 
eter lamps and studying the reproducibility of the melts some 
35 observations were taken of mckel and 20 of palladium. The 
various metals were not studied m regular order but were mixed 
as indiscriminately as possible, with observations on the standard 
points, nickel and pcdladium. 

Iron. Pure electrolytic iron from three sources and as many 
different methods of preparation was used, namely, from Prof. 
C. F. Burgess (00.97 per cent Fe) from Langheim-Pfanhauser 
Werke A. G. (99.08 per cent Fe) and from a sample (99 99 per 
cent Fe) prepared by Mr. J. R. Gain of this Bureau “ Kahl- 
baum” iron m powdered form and iron reduced on the platmum 
qtrip m hydrogen from Kahlbaum iron oxide were also used. 


* C W Kanolt, Tech Paper No 10, Bureau of Standards, 1913 

• Piraai, Verh Phyi. Ges , U 823 1910 

’ Day, Soaman and Allen, 1 o The analysis by Dr Allen of these produots 
save the niekel as 99 885 pure and the palladium 99 975. 
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TABLE I 


Melting Point or Ibon in Htoeogen bt Mioboptboiibtbb 


Elootrolytio, C. F. Burgen 
Meftn 

Eleotrolytio, Langheim-PfanhAUBer 
Megs 

Elootrolytio, Cain 
Powder, "Kahlbaum'* 

From 0]q||e, "Kahlbaum’' 


1588^ 1537^ 1680^ 1684*, 1680*, 1682* 

1638* 

1624*, 1632*, 1634*, 1534* 1636* 
1632* 
1688* 
1634* 
1632* 


The mean value is 1533° * 1° This is somewhat higher than 
all other recent determinations, which range from 1502° to 1632°. 
In the Arsem furnace, we obtained zn vacuo 1631°, 1629°, 1631°, * 
1627°, and in hydrogen 1623° and 1627°. 

CdbaU. The cobalt used was cobalt *'Kahlbaum” in the form 
of powder, Kahlbaum’s Wilrfeln, cobalt reduced in hydrogen on 
the platinum strip from ‘‘Kahlbaum" cobalt oxide, and a sample 
kindly furnished by Messrs. Day and Sosman, out from material 
which had been used for their determinationB and which was 
originally powdered cobalt ^'Kahlbaum,"* shown by Dr E. T. 
Allen to be 99.961 per cent cobalt. The mean is 1477° ^ 2. 


TABLE II 

Mbluno Point or Cobai.t bt MiOBorTBOiaTBB 

"Kshlbsum,” powder and WQrfel together, 1478*. 1470”, 1482*, 1476*, 1476*, 
1476*, 1478* 

Mew 1478* 

Co from the o»de “Kahlbaum" 1476*, 1478* 

Day and Soamao'e sample 1474*, 1478*, 1478* 

Three observations taken in the Arsem furnace each gave for the 
meltmg point of cobalt 1478°. Finally two melts of cobalt on 
iridium gave with the micropyrometer 1477° and 1478°. The 
value of the cobalt point which Day and Sosman found is 1490° 
m a nitrogen atmosphere. • 

Chromium. Strictly pure chromium was not available, and it 
IS difiScult to locate exactly the TnrJting points of an impure vis- 
oous substance. Observations were taken on two samples from 


* Day, Soamui and Alin, 1 o 
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Kahlbaum and on one from Dr. H. Goldschmidt, all of a purity 
probably not greater than 08 per cent. 

TABLE III 

MaimNo Point of (Q8 per cent?) Chromiiiii bt Micboptbohxtbb 

Kahlbaum I 1527* 

Kahlbaum II 1636*, 1513*, 1613* 

Ooldaohmidt .. 1B14*, 1524* 

As the best representative value we may take 1520°. The 
melting point of pure chromium, however, may well be above that 
of iron, as may be shown by a consideration of the well known 
formula for lowering the freezing pomt by metallic impurities 
On the other hand, the value 1520° may be more nearly correct 
if the oxides present do not lower but raise the chromium melting 
point as was found m the case of vanadium by Ruff and Martin.* 
If chromium is melted, for example, m a shghtly oxidizing atmos¬ 
phere or m impure hydrogen, an apparent melting point above 
that of platinum may be obtmned. 

Manganese. We have not been able to obtam pure manganese, 
and the impure samples from Kahlbaum and from Goldschmidt 
are even more sluggish than chromium. The Goldschmidt man¬ 
ganese was from a sample of about 97 6 per cent pure. Melts 
were taken both on platinum and on nickel strips with the micro- 
pyrometer using gold (1063°) and palladium as cahbration pomts. 
Those on mckel were less satisfactory, due apparently to evapo¬ 
ration of nickel. 


TABLE IV 

Miltinq Point of (07 61) Manoanbsb bt Micboftbohbtbb 

Kahlbaun on Pt, 1242*, on Ni 1321* 

OoldMhinidt on Pt, 1261*, 1264*, 1279*, on Ni 1264* 

* The mean is 1264°, which is probably lower than the melting 
pomt of strictly pure manganese by 20°. 

Vanadvum. Dr. v. Wartenberg of Berlin kindly sent us some 
07 per cent vanadium prepared by him from the suboxide by 


I Ruff tlboT rainM Vusdin Zb Abcbif ChBin., SS. 40 1013 
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the alumino-thermic method with oalchim; it contains traces of 
Ca, A1 and Fe. Professor Wedekind of Strassbuig also furaiahed us 
with a sample of his 07 to 98 per cent vanadium. We have also 
exammed two samples purchased from Kahlbaum at different 
dates. None of the samples melts sharply, the subetance being 
viscous, all samples show evidences of incipient melting many 
degrees below the temperature at which the melting is complete. 

With the Kahlbaum samples, evidences of melting were appar¬ 
ent as low as 1500°, melting was complete at about 1720°, the 
samples showing evidences of non-homogeneity of composition 
With Dr V. Wartenberg’s and Professor W^ekind's vanadium 
the following results were obtamed 

TABLE V 

Melting Point of 97 peb cent Vanadium by Micboptbometie 

97 to 98 por cent V from Wedekird 1700®, 1767*, 1773*, 1717® 

97 per oont V from v Wartenber^, 1080®, 1091®, 1891® (pieces of about 0 001 mg ), 
1085®, 1699®, 1705® (medium sued pieces), 1725® (largest pieces) 

Evidences of incipient meltmg were apparent at about 1660° with 
these materials Other determinations of the vanadium melting 
point range from 1680° to 1750°. We would place the vanadium 
melting pomt at about 1720°, both from a consideration of our 
own and of other determinations. 

Titanium. Prof. M. M A. Hunter, of Rensselaer Polyteohmc 
Institute kmdly placed at our disposal a sample of pure titamum, 
which he had prepared from material furnished by the Titanium, 
Alloy Manufactunug Company of Niagara Falls. This titamum, 
analysed by Professor Hunter, contains only a trace of iron and 
no other detectable impurity. Professor Wedekind likewise kindly 
sent us two samples prepaid by him of 94 to 95 per cent purity 
apji one by Dr. v. Wartenberg. The colloid titanium of Wede¬ 
kind melt^ at 1608° to 1461°, and his powdered titanium at 
1452°. We also took observations on two samples from Kahl¬ 
baum, which were evidently quite impure, showing evidences of 
an extended melting range. For the Kahlbaum samples the fol¬ 
lowing melting pomts were obtained. 1664°, 1724°, 1677°, 1787°, 
1641°. The titanium of Hunter and of v. Wartenberg diowed 
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no signs of melting on platinum; their melting pomts were taken 
on indium strqis. 


TABLE VI 


MBLTiKa Point or Titanium bt Micboptrometbr 


Ti From Professor Hunter 
Mean 

Ti From Dr ▼ Wartenberg 
Mean 


1790", 1785“, 1785* 
1788“ 

1778“, 1807,“ 1815“ 
1800* 


These melting pomts are fairly sharp, and the location of the 
temperature was made by calibrating the micropyrometer for the 
iridium strip by taking observations on it of the melting of pal¬ 
ladium (1649®), and of platmum (1766®). 

Summary, We have shown that the micropyrometer may be 
made an instrument of precision for the determination of the 
melting points of refractory metab and salts, that in the case of 
the metals examined, the effect of aUo 3 ring of microscopic particles 
on platinum and iridium is inconsequential until after melting 
which we have shown for mckel, cob^t and iron to occur at the 


TABLE VII 


Mbltino Points of Elbmbntb of Atomic WBianr 48 to 59 



MEITTTia 

POINT WITH 

1 

POHITT 

PROBABU MBLTIMU 
POINT or PURF 
■UMfVNT 




vve&ni 


Nickel 

Cobalt 

i 

1 

ri402** 

I1449t 
fl477 * 2 
i.1478 « 1} 

00 88i 

00 05i 

1 

1462“ * 3 

1478“ * 5 

Iron 1 


nsas ^ li 
L1628 t 

M9S*01 

1530“ iii 5 

Manganese 

Chromium 


1266 

1520 

97 to 98 

98 40 99 

1280“ * 20 

1520“ to > Fe 

Vanadium ^ 


1720 

97 to 96 

1720 * 20 

Titanium 

1704 ^ 12 

99 9+ 

1705 * 15 


* AMumed value on platinum stnp, alao observed value on indium strip 
t Crucible melts in electno furnace. 

t Crucible melts in electno furnace, also on indium stnp with mioropy- 
rometer g 

I Five samples all apeeing to within 3“ 
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flame temperature for mmute particlee on the Btripa aa . 

fliderable quantitieB in crucibles of magnesia. > 

Assuming the meltmg pomts of nickel to be 1462^|^pMjnuiium 
1549*’ and platinum 1765*’, and the oalibratiQ]y|Qln^ of the 
pyrometer lamps of the form log c - a + hlog 7^ for the range 
here studied, we have determined the melting pomts of Fe, Co, 
Gr, Mn, V and Ti with the mioropyrometer and of Ni, Co and 
Fe in quantity in the electric furnace, all melts having been taken 
in pure hydrogen and Fe also tn vacuo. For Or, Mn and V, 
stnctly pure materials were not available, and we can but esti¬ 
mate the meltmg points of the pure elements. 

In the complete paper, the method is discussed more m detul 
and photomicrographs are given showing charaoteristics of the 


various melts. 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE BOTANICAL SOCIETY OF WASHINGTON 

t 

The 89th regular meeting of the Botanical Society of Wash ngton was 
held on May 6, 1913, at the Cosmos Club with twenty-four members 
and two meets present. 

The following papers were presented 

The effect the recent freeze tn Cabforma (illustrated) Dr. David 
Obifitthb. Dr. Griffiths discussed the effect of the January freese on 
fV^tation of the southwest, with special reference to California The 
main regions where tropicaJ and subtropical things are being grown 
were visited. He show^ 40 lantern shdes made from negatives taken 
in February and March, showing mjunes to citrus fruits, avocados, 
oherimoyas, mangoes, oarobs, acacias, ohves, eucalyptus, etc 

While the,temperatures were unusually low, there are indications 
that they have bMn lower in the remote past. That such cold spells 
of weather are very mfrequent is proved by the fact that such natives as 
Rhus launna, enogonums in Califomia, and the giant Cereus, scholia, 
Celtis, Olneya, etc., m southern Arizona are severely injured. Many 
introduced tre« which had attained a diameter of 3 feet were killed 
outright. Injuries were very severe thruout all of the citrus remons, but 
even where the temperatures went to 10-17** Fahr in generm thruout 
a region, an occasional orchard situated upon an abrupt elevation above 
the genoel plam escaped with even unfrozen fruit Because of differ¬ 
ences in elevation, air-drainagc and exposures, conditions are exceed¬ 
ingly varied and present some of the most important problems in con- 
neouon with the relation of climatic conditions to crop development 
At no time in the present generation has there been such an oppor¬ 
tunity to determine the adaptabUity of the scores of introduced plants 
of the Pacific Coast region Thru some of the various agencies oper¬ 
ating in agricultural lines a careful survey should be made the prmnt 
season to systematise and place on record the results of a condition 
whichf aitho of infrequent occurrence, is nevertheless of the utmost 
sdentifio and economic import. 

The method ef typee applied to the ntdiemut Mr. H. C Skbbls. Mr 
Skeels celled attention to the last sentence of division (e) under Canon 

15 of the Amencan Code of Botanical Nomenclature, which reads as 

* 
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follows * The genera of Linnaeus’ Species Plantanim (1753) are to 
be typified thru the citations given m his Genera Plantanim (1764) ” 
Under this clause the following genera were mentioned ^ 


QBMUI 

Tm apsoiM 

irow umuD to 

Alpuua 

1 A racemoBa 

Renealmia 

Cerbera 

C ahouaj 

Thevetia 

Crataegus 

C ana 

Sorbu*t 

Cucurbits 

C lagenarta 

Lagenana 

Glyome 

0 aptoa 

Apios 

Hibiscus 

H mdlpaPiBeuB 

1 Malvaviscus 

Jatropha 

J manxhot 

1 Mamhot 

Medioago 

\ M radxaia 

1 Tngonolla 


Applying the method of types to the mckemut, Mr Skeels called 
attention to Mr Tnmen’s identification of the Flora Zevlanica speci¬ 
mens which are published in volume 24 of The Journal of the Lixmean 
Society, Botany On the basis of these identifications, Mr Skeele con¬ 
cluded as follows 

' In conclusion, romg back to our three original species, the 'Catti 
kitsjil’ of the East Indies, the Caesalptnta nttm (L) Alton of the floras, 
under the method of types of the American Code, becomes Caesdljnnta 
ennta L , the type being FI Zeyl 167 The common grey-seeded mcker- 
nut generally Imown os Caeaalptma or Ouilandina ^mduceUa, becomes 
Guilandxna bondage L the type bemg 1*1 Zeyl 150 And the yellow- 
seedeil loigc-leafletted nickcmut ^neraily known as Gi^^YUandtna fronduc 
becomes Outlandtna major (DC ) small, bomg based thru De Candolle, 
on Gutlandina bonduc L Species Plantanim ed 2 ” 

Whai would be the effect of the \rctic ntghi on tropical or mhtropusal 
vegetatxonf Dr F H Knowlton Dr Knowlton called attention to 
the ancient floras of the North Polar region Many of the fossil plants 
found there are of a tropical or subtropical character No satisfactory 
explanation of the relation of such plants to the conditions of h^t and 
darkness supposed to have prevail^ has been found Dr Knowlton 
asked for suggestions from the members of the Society and a brief 
discussion followed 

C L Shear, Corresponding Secretary 
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METEOROLOGY— Evaporation in the great plaina and inter- 
mouTiUnn dutncte aa influenced hy ihe haze of 191B Ltbian 
J Bbioos and J 0 Bblz, Bureau of Plant Industry 

It has recently been shown by Abbot and Fowle' and by Kim¬ 
ball,* that the haze of 1912, presumably due to the eruption of 
Mt Ka t maj on June 6 and 7, 1912 gave nse to a marked dimin¬ 
ution m the mtensity of the solar radiation at the earth s surface 
Abbot and Fowle found that the total direct radiation of the 
sun was reduce<^about 20 per cent at Baasour, Algeria, and also 
at Mt Wilson, California when the effect reached its maximum 
m August Kimball reports an average reduction of 17 per cent 
m the intensity of the solar radiation received at Mt Weather, 
Va, dunng the last half of 1912 while at Madison, Wis, an av¬ 
erage reduction of 14 per cent was observed for the same penod 

Dunng the past live years the wnters have been enga^d m a 
senes of evaporation mea«mrements* in the great plains and m- 
termoimtam distncte, and it has seemed desirable to determine 
to what extent the reduction m the solar mtensity during 1912 
affected the evaporation In making such a companibn, it 
must of course be recognised that evaporation is profoundly m- 

1 Snutbsonuuk Bfiaoellaneoui CoUeoUona 60 20 1013 

* Thii Jotmud 9 200 1013 Alao Bull Mt Weather Observatory 6 205 

1913 

> In cooperation with the Office of Dry I and Agnoulturer and the Office of 
Westm Irrigation Agriculture of the Bureau of Plant Industry 
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fluenced by a number of other factors, such as temperature, 
cloudiness, humidity, and wmd velocity. In any comparison of 
this kind one would, therefore, expect to encounter anomalies 
in the records from an mdividual station resulting from these 
disturbing factors (see Table III). 

The evaporation records are baaed upon daily measurements 
of the change in elevation of a free water surface, after correct¬ 
ing for precipitation The evaporation tanks are either 6 or 

* TABLE I 


Nobual Evapobation at Stations in thb Grbat Plains and Intbruountain 

OlSTRICTB 


•TAnoia 

HO or 

TXABS 

OBS 

AntL 

MAT 

jvira 

juva 

le-w 

JDLT 

AtJonar 

■BPT 

TOTAL 

Apr 1 to 
6ei 1 



tfidbM 



WldM 

Mutfli 

tneUt 

MOtff 


Amanllo, Tex 

5 

7 SO 

0 09 

6 22 

5 64 

0 68 

9 06 

8 00 

64 14 

Dalhart, Tex 

4 

7 80 

0 73 

6 70 

6 26 

10 60 

10 04 

8 26 

68 43 

Garden City, Kans 

4 

7 61 

8 76 

4 63 

6 61 

10 00 

0 86 

7 60 

63 66 

Hays, Kans 1 

5 

6 85 

7 26 

4 34 

4 61 

0 09 

8 82 

0 06 

47 83 

Akron, Col 

4 

5 43 

0 Ot 

4 10 

4 43 

9 36 

8 61 

6 86 

46 60 

Korth Platte, Neb 

6 

6 OS 

6 76 

3 72 

4 79 

8 60 

7 74 

6 44 

43 99 

Newell, 8 Dak 

4 

4 81 

6 46 

3 44 

4 63 

0 23 

7 53 

6 64 

41 67 

Edgeley, N Dak 

5 

3 80 

487 

2 24 

3 42 

6 01 

6 88 

4 31 

31 52 

Diokuison, N Dak 

6 

4 06 

6 03 

2 66 

3 66 

7 3t 

6 31 

4 28 

33 24 

Willuton, N Dak 

3 

4 72 

6 11 

2 70 

4 04 

7 92 

6 24 

4 11 

36 93 

Judith Basin, Mont 

3 

4 10 

6 40 

2 86 

a 26 

7 61 

6 94 

4 86 

36 02 

Nophi, Utah 

4 

4 80 

7 31 

4 25 

4 82 

9 67 

9 23 

6 13 

46 11 

San Antonio, Tox 

5 

5 03 

e 67 

4 44 

4 83 

9 61 

g 65 

7 24 

48 17 

Fallon, Nev 

4 

6 20 

8 34 

4 01 

4 09 

11 05 

10 06 

6 14 

61 68 

Yuma Ans 

3 

8 34 

10 02 

5 92 

6 69 

11 33 

11 10 

8 10 

61 30 

Xa 1 

88 2S 

109 44 

61 01 

70 25 

137 86 

126 45 

96 00 



feet in diameter, and 2 feet deep, and are sunk in level ground in 
a fre^ exposed space to withm 4 inches of the top, the water 
level bemg raamtamed at approximately 4 inches below the top 
of the tank 

At most of the evaporation stations, “normals'* based upon at 
least four years record, exclusive of tf^ose of 1912, are now avail¬ 
able The monthly normal evaporation, from April to Septem¬ 
ber inclusive, for 15 stations located m the great plains and in- 
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termountam districts, is given in Table I Since the eruption 
of Mt. Katmai occurred early in June, the records for this month 
are divided into two parts At the foot of the table is given the 
sum of the combined evaporation occurring at the 16 stations 
for each month, designated as 2n In Table II is given the evap¬ 
oration for the corresponding penods during the summer of 
1912, the combined evaporation for all of the stations during 

TABLE II 


Evaporation in 1912 at Station*) in thb Qrbat PiiAinb and Intbrhountain 

Districta 


prATiowi 

1 

APBIL 

1 

MAT 

jcm 

1-15 

juira 

16-SO 

JULY 

r 

AUGUn 

■■rr 

TOTAL 

Av Ito 
Oel 1 


' inflAaa 

tncftes 

tfuAM 

tndUt 

ihcAm 

lAcJbf 

tneku 

tnekta 

Amuillo 

' 7 

m 

9 

90 

4 

95 

4 

04 

10 

95 

0 

40 

6 

49 

52 

87 

Dalhart 


21 

10 


4 

54 

3 

84 

11 

10 

0 

13 

6 

75 

5J 

01 

Garden City 

1 6 


10 

82 

4 

77 

8 

81 

10 

64 

9 

15 

7 

00 

53 

14 

Haya 

i 0 

0^ 

8 


3 

13 

3 

29 

9 

99 

9 

id 

7 

02 

46 

07 

Akron 

' 4 

6S 

7 

10 

2 


8 

85 

7 

62 

7 

05 

4 

65 

87 

86 

North Platte 

4 

84 

85 

7 

54 

2 

80 

4 

80 

8 

97 

7 

46 

5 

20 

41 

70 

Newell 

' 4 

6 

42 

3 

05 

4 

53 

7 

08 

6 

60 

3 

71 

37 

74 

Eldiceley 

1 3 

m 

4 

00 

2 

33 

2 

67 

5 

60 

4 

24 

2 

74 

25 

06 

Dickinson 

' 3 

06 

4 

67 

2 

26 

3 

26 

6 

02 

6 

92 

3 

21 

28 

08 

WiUiston 

3 

88 

4 

78 

3 

81 

3 

20 

5 

06 

4 

00 

2 

08 

29 

71 

Judith Basin 

. 2 

02 

4 

14 

2 

74 

3 

66 

5 

07 

6 

24 

3 

42 

28 

70 

Nephi 

. 3 


6 

30 

4 

20 

5 

06 

0 

24 

8 

80 

6 

16 

43 

41 

San Antonio 

4 

OB 

7 

01 

3 

66 

3 

50 

10 

59 

10 

65 

8 

55 

48 

54 

Fallon 

5 

67 

7 

40 

5 

24 

5 

36 

0 

64 

8 

80 

6 

07 

46 

33 

Yuma 

, 7 

20 

9 

00 

5 

46 

4 

78 

9 

44 

9 

00 

7 

62 

52 

60 

U 

70 M 

108 80 

56 44 

0 02 

50 76 

129 82 

094 

110 88 

81 

0 

75 

— 

— 

Ze/Zn 

j 087 

0 09 

0 86 

86 


each period being given at the foot of the table and designated 
as 2e. 

In comparing the evaporation during 1912 with the normal 
evaporation, two procedures have been followed. Firat, the ratio 
(Zs/Zn) of the total evaporation occurring at all of the stations 
during a given month m 1912 to the normal evaporation for that 
period has been calculated (Table II). Second^ the ratio of the 
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evaporation at a given station during a given month in 1912 to 
its normal evaporation for the ooireqionding period has been de¬ 
termined, and the mean of these ratios for aU statuma for eaoh 
month has been omuputed, together with the inobahle error. 
These results are given in Table III. The results of the |sro meth¬ 
ods of oompanson will be seen to be in good agreement. The 
mean value is given m Table IV, with the ooTTeqmndiiig ratios 

TABLEm 


Ratio or tri Monthly Ktaporation in 1012 at Bach Staiton to thh Nobual 

EVAPOBATIOir 


OTATrom 

AraOi 

ICAT 

nnm 

1>M 

jmn 

M-Sft 

JVLT 

Avonv 


AmAnllo, Tex 

0 93 

1 00 

0 06 . 

0 78 

1 18 

1 05 

0 81 

Delhart, Tex 

1 04 

1 06 

0 61 

0 61 

1 06 

0 01 

082 

Oerden City, Kaub 


1 24 

1 08 

060 


000 

003 

Heya, Knob 

0 80 

I 14 

0 74 

0 71 

1 10 

1 01 

1 01 

Akron, Colo 


1 03 

0 71 

0 87 

081 

0 83 

0 68 

North Platte, Neb 


1 12 

0 76 

1 00 

^■V!9 

006 

082 

NeweU, S Dak 

1 01 

090 

1 06 

1 00 

086 

088 

0 67 

Bdceley, N Dak 

0 9S 

004 

1 04 

0 78 


072 

064 

Diekina^ N Dak 

080 

0 02 1 

080 

080 


004 

076 

WilliBtOQ, N Dak 


0 78 1 

1 14 

081 



077 

Judith Basin, Mont 


0 77 ! 

096 

1 13 

0 78 


^EXijS 

Nephi, Utah 


0 67 i 

000 

1 06 



1 00 

Saa Antonio, Tex 


1 16 1 

080 

0 72 

1 10 


1 18 

Fallon, Nev 


BEi 

106 

1 07 

0 8S 


OOP 

Yuma, Ani 



092 

0 86 

0 83 


008 

Mean 

088 

mm 

0 02 

0 86 

la 

002 

0 84 

Probable error 

^0 019 

*0 026 

*0 028 

*0 028 

*0 034 

*0 010 

*0 026 


for the temperature and sunshine. Sunshine records were not 
available at dl the evaporation stations, and the ratios given 
were obtained from Weather Bureau records for 30 stations in 
the region in which the evaporation tanks were located. 

It win appear from the ratios fl^ven in Table IV, that the evap* 
oration dui^ 1912 was abnormally low. The evinioration dur¬ 
ing April was 14 per cent below ncoxnal. However, the average 
numbw of hours of sunshine during April was also 7 per eent 
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bdow normal, which would account at least in part for the dunin- 
iahed evaporation. May was normal, both with respect to evap¬ 
oration and hours of sunshine. The evaporation for the first half 
of June, during which the option of Mt Katnuu occurred, was 
8 per cent below normal; the second half of June was 14 per cent 
below normal, July, 6 per cent below, August, 8 per cent below, 
and September, 15 per cent below. The number of hours of sun¬ 
shine was also somewhat below normal during this period The 
Weather Bureau sunshme records are obtamed with the Marvin 
sundiine recorder, which is essentuilly a differential thennometer 
m vacuo, one bulb bemg blackened When the rate, at which 
solar radiation is received, is sufficient to develop a certun differ¬ 
ence in the temperature of the bulbs, the sun is recorded as shin¬ 
ing. It is evident that any reduction in the mtensity of the solar 
radiation in midsummer (due to dust m the atmosphere or other 

TABLE IV 


Ratio or thb Evapobation, Sonshinb, and Tbmpbratobb in 1412 to thb 
C oBRlBPONDlNa NORMALS 



1 APSIL 

HAT 

1_ 

itmm 

le-ao 

JUlT 

AVauiVT 

■■PTIMBaS 

Evaporation 

087 

0 00 , 

1 0 92 

0 86 

0 04 

003 

0 86 

Temperature 

1 00 

1 03 

005 

0 06 

0 07 

006 

0 88 

Sunshine 

008 

1 01 

1 ^ ^ 1 

0 93 

0 07 

0 02 


causes) would enter into the records from this instrument as a 
reduction in the number of hours of sunshine. The observed 
reduction in sunshme (Table IV) following the eruption may 
therefore be attributed, m part at least, to a reduction m the in¬ 
tensity of the solar radiation transmitted by the upper atmos¬ 
phere, rather than to an actual increase in oloudmess There 
is obviously no way of separating these two factors from a con¬ 
sideration of the sunshine records alone. 

It thus appears that the average evaporation as measured at 
16 stations was below normal during the four months following 
the eruption of Mt. Katmai, the average reduction in evaporation 
being about 10 per cent. This is somewhat less than the ol> 
served reduction in the intensity of solar radiation as reported 
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by Abbot and Fowle and by Kimball, if we assume that for 
small changes m radiation, the evaporation is directly propoitiODa] 
to the radiation received In this connection, it should be re¬ 
called that the pyrhehometer measurements deal only with the 
direct rays of the sun Since the scattered radiation would be 
proportionately somewhat mcreased by the dust, the actual re¬ 
duction m radiant energy during 1912 was probably not qmte 
so great as indicated by the solar measurements This would 
tend to bring the results more neaily m accord with the evaporar- 
tion measurements 

In addition to measurements of the energy of the direct solar 
beam, Abbot and Fowle* have also measured the total sky ra¬ 
diation and the absorbed radiation In former years, the sum of 
the three parts of the solar radiation has found to fidl below the 
value of the solar constant by not more than 0 05 calorie Their 
measurements in 1012, however, show an outstandmg difference 
of about 0 28 calorie, which they attnbute to the greater diffuse 
reflection of the atmosphere resulting from the hasmess This 
amounts to a reduction m the mtensity of the solar radiation at 
the earth’s surface of about 10 per cent, a value which is m good 
agreement with the observed dimmution in evaporation The 
reduction m the mean evaporation at the 16 observing stations 
following the haze of 1912 thus appears to afford an approximate 
measure of the reduction m the mtensity of the solar radiation 
at the earth’s surface ' 

RADIOTELEGRAFHY —A crystal contact duturbance preventer 
for radMtelegraphxc recewmg L W Austin, U S Naval 
Radiotel^raphio Laboratoiy 

In 1908 I published the results of a study of the rectifying 
action of certam contacts, sihcon-steel, qjtrboiHsteel, and t^ur- 
lum-aluinmum Soon after this it occurred to me that the 
erty of rapid change of resistance with impressed voltage shown 
by these contacts might be made use of m shunting to earth 
loud mterfenng signals and atmosphenc disturbances, so trouble- 


* loe oit p 18 
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some in radiotelegraphio receiving, and in the spring of 1900 very 
encouraging results were obtained from a tellunum-aluminum 
contact placed around the prunary of the receiving transformer. 

It was foimd however, that in actual service, while occasionally 
remarkable results were obtained in cutting out disturbances, 
the tellunum-aluminum contact was too unstable to be depended 
upon. Silicon m contact with metals was found to be less 
sensitive than the tellunum contact and also too unstable for 
practical use. Iron pyrites, sinkitc, galena, and many other 
ciystals have been tried at various tunes and unsucce^ul ex¬ 
periments were also made with the Lodge-Muirhead mercury 

TABLE I 

DovromaAjfoa rKBriNTSK 


uc 

OUT 

Dvdtetloa 

DofleotUm 

fiifli 

■ut 

0 6 

0 5 

1 5 

1 5 

3 5 

4 5 

7 0 

22 0 

15 0 

130 0 

21 0 

240 0 

40 0 

off Boalr 

26 

2 6 


coherer, several other types of coherers, with vacuum valves 
and the electrolytic detector It has recently been found that 
silicon in contact with certain crystals, especially with metallic 
arsenic, of which the dark coloi^ impure variety is the best, 
forms a practical device for leading strong disturbances to earth 
without interfering with the reception of the regular signals. 

Table I shows the detector galvanometer deflections with the 
disturbance preventing curcuit in and out, the antenna being 
excited by a tuned busser circuit with different degrees of close¬ 
ness of coupling. 

Table II shows the relation between tuned busser circuit 
signals and natural atmospherics, the maximum throw of the 
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galvanometer during a ]>eriod of 10 eeoonde being taken as the 
atmospheno reading. 

The disturbance preventer is more effective in the case of 
strong interfering si^oals than againstPatmospheric disturbances, 
as it is quite possible to read signals of twenty tunes audibility 
thru dis^rbing signals of roai^r hundred tunes audibility on 
the same wave length The best results are obtained with loose 
coupling and with a considerable amount of inductance in the 
antenna, with a series condense if necessary, and the disturb¬ 
ance preventer contact shunted across only that part of the in¬ 
ductance which acts as the primary of the receiving transformer. 

TABLE II 


llf 


OUT 


IMUoUff 


IMmUom 


Stgmi * 

10 


44 



Aim 

61 

80 

76 

62 

68 


An increase of the effect may be obtained by throwing the 
circuit out of tune to the loud signals by placmg disturbance 
preventers across the capacity or across other portions of the 
inductance, and also m the secondary circuit. But in gen¬ 
eral, except under extraordinary circumstances, these mtroduce 
comphcations in handling which are out of Tiroportion to their 
benefit. 

Fairiy good results have bem obtamed also with a contact of 
carborundum with other crystals. These oombioatioils however, 
while more stable under extremely powerful disturbances, in 
general do not fall low enough in resistance to fpve as saturfao- 
tory results as the silioon-arsemc. I wish to e xp re s s my indebt¬ 
edness to my assistant, Chief Electrician Mineratti in the latter 
portions of this work. 
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GEOPHYSICS Daia on the vnbrunon temperature of the pah- 
eade duAeue R B SosifAN and H E Mnkwin, Geophyn- 
oal Laboratoiy 

In hiB r^rt on the pe|p>graphy of the Newark igneous rocks 
of New JeneyV Prof J Volney Lewis has described an interest¬ 
ing type of inclusion which occurs frequently in the Palisade dia¬ 
base Slabs of the underlying Newark shale and arkose sand¬ 
stone have been “floated” up into the igneous rook until they 
stand at vanous angles between horuontal and vertical In con¬ 
nection with an investigation on the epeoific volumes of rocks at 
high temperatures it became of mterest to compare the specific vol¬ 
umes of the included and hicludmg rocks m this type of mclusion 
Professor Lewis very kmdly supphed us with epecimens for 
the purpose, and our indebtedness to him both for material and 
for published descriptions is here acknowledged 

The specimens first obtamed were from the quarry of the Fair- 
view Stone Crushing Company, at the north end of the diabase 
hill between Faurview and Granton, New Jersey This mass is 
an offshoot of the great Palisade sill which outcrops along the 
west bank of the Hudson River and extends southwest thru New 
Jersey It hes only 800 feet west of the western border of the 
mum Bill, and IB not over 200 feet vertically above the upper 
surface of this sill * 

In 1907 there was visible m the quarry mentioned “an aricosic 
sandstone slab about 10 feet thick at one end and tapeiing to 
about 6 feet at the other and over 100 feet long, lying at an angle 
of about 10 degrees with the honson This mclusion is withm 
10 feet of the bottom of the diabase dieet, which here rests on 
thinly laminated black and gray shales ” We are informed by 
Professor Lewis that smce that tune quarrying operations have 
followed tbiB slab back imtil it jom^ the imderlying strata, 
thus establishing its connection with the floor of the mtrusive 
masa It was, therefore, not possible to obtam qiecunens of the 
actual mclusion, but specimens of the underlying arkosic sand- 

> Oeol Bury New Jeiwy Ann Rep 1S07 pp 07 1S7 See m particular 
pla or sad 98 and p 186 

' 3 V lerme Qeol Surv Kev Jeney Ann Rep 1006 p 188 H B Kuem 
mel ibid , 1807 p 78 
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stone and shale, apparently continuous with the floated slab, were 
obtained. 

A prelinunaiy expenment, made by heating specimens of the 
diabase and the arkose side by side in platinum crucible, showed 
that at a temperature where the diabase would fldW readily, the 
sedimentary rock was also partly fused, altho in the original in¬ 
clusion there was no indication of fusion. The authors there¬ 
fore undertook, as a side issue to the main question of the volume 
relations, a brief study of the relative fusing temperatures'of 
the rocks in question. The results, while necessarily inoonqilete 
because of the complexity of the rooks and the unknown factors 
involved, show that the temperature at which the diabase was 
mtruded must have been considerably lower than tiie temperature 
necessary to hquefy this diabase in the laboratory This fact 
has long been suspected, altho there has been hitherto very 
httle quantitative evidence,b6anng on the question.* 

The diabase. There is no published analysis of the rock from 
this particular locahty, but the rock is very similar to the " basal¬ 
tic diabase” m the near-by railroad tunn^ thru the Palisade sill, 
and to that of Rocky Hill.* Mr. Hostetter’s detenninatioDS on 
our specimen gave 0.6 per cent water at 105°, 8.74 per cent FeO, 
and 1 51 per cent FoiOi. The character of the rock would be 
approximately represented by the following wei^t percentage 
composition* SiOj 51, AliOt 13, CaO 10.5, MgO 7.5, FeO 8.5, 
FeaOi 1.5, alkalies 3 5, TiOa 1., water and miscellaneous 1 5. 
Its density at 20° was 2 97. 

The rock is fine grained, and consists of a dense holocrystalline 
mass of feldspar and augite, with phenocrysts of pyroxene and 
of plagioclase feldspar Minor minerals are biotite, magnetite, 
and occasional ohvme 

Ftuum of the diabase The tests were made by placing small 
fragments of the rook, wrapped in platinum foil, in an ofeotrically 
heated furnace held at a constant known temperature, measured 
by a thermoelement and potentiometer. After exposure to this 

' See F E Wright, Intnuive Rooks of Mt Bohonus, Oeol Suit. Miohigaa, 
Ann Bop , 1908^ p 301 

* Qeol Surv New Jersey, Ann Rep, 1907, p 131, anslysis 4, S, end 13, end 
pi 10 Description, pp 13^138 
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temperature for a measured time, the rock was quenched by 
fuamg off its supporting wire and dropping it out of the furnace 
into a basm of mercury. Microscopic examination then diowed 
what changes had taken place at the high temperature A fresh 
fragment was of course used for each test 

The lowest temperature at which tests were made was 761°. 
After the diabase had been hdd at this temperature for fifteen 
iiunutes, and then quenched m mercury, the phenociysts of 
feld^iar and pyroxene showed no change whatever, m the augitic 
groundmass a red brown mineral had formed, having an mdex 
of refraction of 1.74 and resembling certain basaltic homblen^ 
high in feme iron * 

There were no mdications of fusion at 751°, nor at 850°, 953°, 
1035°, 1052°, and 1101° Fragments of the rock were held fifteen 
minutes at the first four of these temperatures, and seventy-five 
mmutes at the last two All gave practically the same result as 
the quenching at 761°, except that the red brown mmeral de¬ 
creased in amount with rising temperature A dusty yellow- 
brown material which could not be identified, appeared in small 
amount at 1101°. 

After seventy-five mmutes at 1150° the phenociysts were still 
unchanged, but the clear red-brown hornblende (?) had disap¬ 
peared. A dusty yellow-brown substance, too dark for the de- 
tenmnation of its optical properties, appeared to coat other min¬ 
erals in films, and showed a few bubbles in places Its occurrence 
suggested strongly the beginning of fusion of the lowest melting 
portion of the rock Fifteen minutes at 1175° gave a httle dark 
glass which could be positively idonti^ed, so that we may take 
1150° as the approximate beginning of the temperature-mterval 
of fusion. Feldspar and pyroxene phenociysts remained un¬ 
changed at 1175°. 

Fifteen mmutes at 1200° produced considerable brownish bubbly 
glass of refractive index 1.60-1 61, and fused nearly all the pyrox¬ 
ene phenociysts. Seventy-five mmutes at the same temperature 
practically removed the pyroxene and gave a more homogeneous 
glass, none having refractive index above 1 60 The feldspar 
phenocrysts, except around their borders, remained unohangedr 
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The fragments of rock had an external appearance of inmiuent 
fumon. 

Seventy>five minutes at 1226** oauBed the fragment to flo^. 
About a third of the feldqMir remained; the remainder was 
containing dark brown ^tahedral and oubic grains wlueh formed 
out of the glass. These grams had the high refraction of q>inel. 
Heatings of fifteen and sixty minutes at 1260'* fused or fluxed 
still more of the feldspar but did not remove it entirely. Fifteen 
minutes at 1302° left only traces of fddqiar, and produced a 
clear glass, of refractive index equal to and slightly less than 1.00. 

With its present composition, therefore, and under atmos¬ 
pheric pressure the diabase can not flow at a temperature bdow 
1160° (at which temperature the lowest melting pcation probably 
fuses), and does not flow appreciably below 1226° It is com¬ 
pletely liquid at about 1300°. 

The indusiona. These consist both of feldqmthic sandstone 
and shale. “The thiimer portions of the sandstone inclusions 
are very hard and compact, and look in all reflects like fine¬ 
grained, light colored granite From this facies every 

gradation is found to apparently normal fddqiathic sandstone 
(arkose) in the thicker portions, lowing httle rign of alteration.** 

Fusion of included arkose. We obtained from Professor Lewis 
a specimen of arkose which had been entirely surrounded by 
coarse grained diabase under conditions where it must ftive 
taken up the temperature of the molten rock, and so atuated 
that it could not have been traversed by mineralising solutions 
after the solidification of the rock. This specimen was from the 
Palisade sill, in the Penij^lvania Railroad cut east of Manon 
station, Jersey City, where **thin sheets of arkoaic sandstone, 
perhaps origmally continuous, lie in an irregular undulating po¬ 
sition in the diabase.*** This inohision varies in tiuokness from 
4 inches to 3 feet j(10-90 cm.). The fragments examined were 
not over 2 cm. from the diabase. 

The metamorphosed arkose consists chiefly of quarts and ortho- 
clase. New growth of orthodaae is visible around some of the 
mripnal grains. It is all somewhat dusty, probably from sub¬ 
sequent alteration, altho biotite and hornblende, also present, 

* J V Lems, loo. eit., 1007, p. IM, (4)^ and pi 08 
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are very freeh. The latter minerab and magnetite appear to 
have originated ohiefly from ohlontued biotite oiigmally present 
in the arkose, altho the surrounding magma may have contribu¬ 
ted to their growth. One of the Bpecimens showed, in a hi«r 1I 
cavity, well terminated crystals of quarts, orthoclase, and horn¬ 
blende, apparently outgrowths of these minerals in the arkose. 
Caloite ai^ datolite, which are found in some parts of the under¬ 
lying arkose, are not found in this inclusion. 

The characteristics just mentioned show that this rock could 
never have bew fused. The retention of original cross-bedding 
in another specimen* is certain proof that the arkose could not 
have flowed. 

Heated for thirty minutes at 1023°, this arkose showed no 
trace of ^ass. The biotito and hornblende were destroyed, feld¬ 
spars more clouded, magnetite and quarts unchanged. After sev¬ 
enty-five minutes at 1160° the rock was more than half fused to 
a bubbly glass of refractive index 1490 to 1.602. The feldspars 
were all fused, and only quarts and magnetite remained. ‘Such 
a rock containing unalter^ feldspar might fuse at a somewhat 
different temperature, but inasmuch as the feldspar was altered 
in part before the intrusion of the diabase the temperatures here 
observed are applicable. 

Fusion of unifying arkose and thole. As mentioned above, 
wl^also obtained thru Professor Lewis qiecimens of the under¬ 
lying arkose and shale at Granton, and it was upon these that 
the preliminary fusion tests were made It was only after sev¬ 
eral measurements had been made on both rocks that datolite 
(which does not occur uniformly, and is sometimes entirely ab¬ 
sent) was found in the arkose. Its presence renders the tests on 
these rocks moonclusive, but the results are included as a matter 
of record. 

Our speeimen of the underiying arkose at Qranton consisted 
of about two-thirds alkali feld^ars and n4ffly one-third quarts, 
with some augite, the latter being in crystals partly inclosing felds¬ 
par and quarts, as tho derived from constituents of the near-by 
diahaflft from chloritiied biotite present m the arkose before 
the intrusion. The feldspars had clear borders wh|ph had evi- 

•Loe. dt., 1907, p. 1S5, (8). 
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dently grown upon the original feldqiar graina, iMurtly filling the 
pores of the rock with fresh feldspar. Calotte and datolite also 
occurred as pore-filling minerals. 

Heated for fifteen minutes at 960% the arkose showed no ex¬ 
ternal change A small amount of glass was found, formed by 
the fusion of datohte The quarts appeared unchanged. After 
fifteen minutes at 1150°, glass was again present, resulting as 
before from fusion of datolite Seventy-five minutes at the same 
temperature produced 10 to 16 per cent of idass of index 1.60- 
1.52. The orthoclase had b^un to fuse around the edges of 
crystals and around the inclusions contamed in the crystals. 

Our specimen of the underiying shale was a very fine grained 
rook of density 2 59, banded with white and blue-black streaks, 
and having coarser lenses conUuning garnet.' In the white por¬ 
tion quarts was identified, and probably andalusite. 

Heated for fifteen minutes at 950% the finest grained parts of 
the rock showed no marked change and no c^ass could be found. 
Fifteen minutes at 1150° caused the*fragm6nt to flow, and sev¬ 
enty-five minutes at the same temperature converted over one- 
half of it mto glass of refractive index 1.51 and less, with a few 
fragments of original quarts remaining. But the extremely fine 
grain of the rock rendered it unsatisfactory for these experiments. 

Both the shale and the arkose just described contamed nun- 
erals of secondary origin resulting from the intrusion. Som^f 
these probably formed during the period of cooling, therefore 
effects produced by heating these rooks might be quite different 
from those which might have been caused at the same temperature 
m the original rook. 

Condusum The forcing facte may be summarised in the 
following statements (1) The ''basaltic" facies of the Palisade 
diabase begins to fuse at about 1150°, and enougih of it is fused 
at 1225° to permit the rock to flow; (2) The arkose now found 
m the diabase m the torm of inclusions is more than half fused at 
1150°, but shows no fusion at 1025°. (3) These mclunons as act¬ 
ually found show no indication of fusion or flow. 

Aa tndicoted by their present propertue under atmospheric pres¬ 
sure, there i* therefore a gap of at least 100°, and probably more, 
between the maximum temperature to which the arkose inclusions 
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could have been subjected,and the Tninunum temperature at which 
the diabase could have flowed At the time of mtrusion, there¬ 
fore, either the fusion tempierature of the arkose nun^als was 
greatly raised by the conditions then existing, or the fusion tem¬ 
perature of the diabase was lowered, or both causes acted together. 

From experiments not yet pubhdied, we know that there is a 
considerable net volume increase accompanying the fusion of the 
diabase, its mean temperature of fusion would therefore proba¬ 
bly be raised by mcreased pressure. About the volume change 
of the arkose minerals we know nothing, but from geological evi¬ 
dence the depth of overlying rock was probably not great, in 
comparison with the depths and pressures necessary to produce 
large changes in their fusion temperatures. 

The most likely agent that suggests itself to bridge the gap 
between the laboratory fusion temperature of the arkose and 
that of the diabase is the water which the evidence of the sur¬ 
rounding rocks shows to have been present m the ma gma- Its 
effect in lowering the fusion temperatures of sihcates is quantita¬ 
tively unknown, but qualitatively we know it may be very large 
Other factors of perhaps less importance are the bone acid now 
found m the datohte of surrounding rocks, and the carbon dioxide 
and fluorine which may have been present. 

The foregoing investigation may serve to emphasise a point 
which IB all too frequently overlooked m current speculation on 
the fusion of rocks on the basis of the laboratory data now avail¬ 
able. The conditions of fusion, differentiation, mtrusion, and 
orystaUuation may have been modified, not slightly but pro¬ 
foundly, by volatile components of which only occasional traces 
are retained in the rock as we find it at the surface of the earth. 
To draw final concludions, then, on the baab of any property 
possessed by a particular rock type or even by a particular speci¬ 
men may lead us widely astray This is not to say that the prob¬ 
lems involving the effect of volatile components can not be 
solved, for experimental methods have been and are being worked 
out to handle them, but imtil we know in what directions and 
to what extent these volatile ingredients have modified the con- 
ditiona of rock formation, extended generaliaation is hasardous 
and of doubtful utility. 
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PHYSICS — An eteetneal gontometer furnace far the meamremeni 
of crytAal angler and of rtfraetwe vndusee at high temperaturea 
Frrd Eughnx Wright Geophysical Labonitoiy 

The meBsuiement of the change m the optical propertiee and 
m the mterfaoial ane^ of cryetala with ohange m temperatun 
has long interested minerak^psts and many attempts have been 



Fig 1 Photograph of Ooldaohmidt ■ two oirolod gomiometor with thonno* 
eleetrus fumaee attaohment mountad m position rsadyformsasuremeots Ai At 
upper and lower water jaokets P Pt rubber tubing for eireulatiom of water thru 
A At Pi Ft platinum wires 04nim mdiamster of heatingspiralsin fumaee B 
eiystal holder extending into eenter of fumaee Ti Tt thermoelsment wires 

made smee the pioneer work of Schrauf and Mallard, to deviae 
satisfactory methods for the purpose The mtroduotion of deo- 
tncal methods and apphanoes has greatly simplified the problem 
and recently F Rinne' has soocessfully adapted an electric re* 

^NeuesJfthrb Mm Qool u Pat 1910 11 180 
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Butance furnace tp the measuremwt of the refractive indices of 
prisms at temperatures up to ISXfC. In the different heating 
devices, however, which have heretofore been employed, in¬ 
sufficient attoxtion has been given to the furnace design with 
reference especially to the heat distribution and to accuracy 
of the temperature measurements, with the result that the 
data obtained are encumbered with unnecessarily large prob- 



Fig 3 Vertical eeotion thru furnace and water jacket, Ai, 4t, water 
jaeketa, 8, intake for eirculrting water, F, platinum furnace wires, r,, C, alun- 
dum cake on inner faces of nnich platinum wire spiral is wound, a, alundum ae^ 
ment, B, asbestos nag, J, bare thermal junction, /, crystal, U, magnesium pow¬ 
der, P, supporting bar of furnace, Fi, Tt thermoelement wires 

able errors. In the present furnace, the effort has been made 
to meet these objections and to produce an instrument of fair 
precision which may serve not only for the measurement of the 
interfaoial angles of a crystal, but also for the direct measurement 
of its reinotive indices at any temperature up to 1150^0., at 
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which temperature the light of the fumaoe becomes relatively 
intense and the measurements are correspondingly less satis¬ 
factory 

The furnace fits as an attaclpnent on the Goldschmidt two- 
oircled goniometer (fig. 1, A). It consists of two flat disks of 
alundum (7 cm. m diameter and 5 nun. thick) on one side of 
which a spiral of 1 75 nun. pitch is stamped,* into its grooves 
platmum wire 0 4 mm. thick* is wound and then covered with a 



Fig 3 Top view of furnwe after water jacket A| haa been removed Figure 
3a ahowa arrangement of alundum eegmenta, a, h, c, of aabeatoa nng aegmenta 
d, «, St of cryatal holder //, of cryatal I, and of thermoelemont wirea T, in case 
the furnace la used for meaauring interfacial oiyetal anglea The arrows indicate 
the patha of the rays from collimator to erystal and then to teleaeope of the go¬ 
niometer In figure 3b, the arrangement la sketched for the case of the measure¬ 
ment of the refractive index of the pnsm P by the minimum deviation method 
The letters have the same significance as in figure 3a 

thin l{iyer of alundum cement and balAd at 1200'* to 1300'*C. 
These disks are backed by magnesia powder and mounted in 
hollow cyhndncal water jackets (fig. 2) Their edges are shielded 
from direct contact with the water jackets by asbestos wool pack¬ 
ing. The details of construction are evident from figures 1 and 
2. Segments of alundum 10 mm thick and of the shapes indi* 
oated iir figure 3, a, b, c, are placed in position on top of fumaoe 

■ Made on speoinl order by the Norton Company of Worcester, Mam 
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cake Cl, and serve to support the upper furnace part Ai, (figs 
1 and 2) Outside of these s^pnents asbestos nng segments 
are fitted as indicated m figure 3, d, e, f Smoe alundum is a 
good conductor of heat the alundum segments tend effectively 
to render the heat distribution uniform at the center of the fur¬ 
nace while the outside asbestos rings are poor conductors and 
tend to confine the heat properly In figure 1 asbestos wool 
has been used m addition to the asbestos rings as an extra pre¬ 
caution The furnace opiemng at the crystal holder B is also 
shielded to some extent by asbestos wool 

Heat IS supplied thru the wires, Fi, Ft (fig 1), 4 5 to 5 am¬ 
peres current at 110 volts being required to heat the furnace to 
1150° Cold water passing thru the tubes, Pj, P|, (fig 1) and 
and the water jackets, Ai^ At, completely protects t^ gomo- 
meter parts from the heat T^peratures are read by means of 
the thermoelement {Ti, Tt, fig 1) either on a milhvoltmeter of 
the Siemens and Halske type or on one of the potentiometer- 
galvanometer systems of this laboratory 

In order to adapt the two circled gomometer to such measure¬ 
ments a special carnage 1,B) was made to replace the usual 
crystal centenng and Resting carnage This part is hollow 
and mto it a poroelam tube is inserted on the end of which small 
platmum jaws are fitted, similar to those used in the thermal 
microscope recently descnbed * In these jaws the crystal is 
mounted and adjusted before the furnace parts are set in posi¬ 
tion Thru the carnage B and the porcelam tube holder the 
thermoelement wires (0 2 mm m diameter and enclosed m fine 
porcelam tubes) pass and are so adjusted that the bare ther¬ 
mal junction of the theimoelement is m direct contact with the 
crys^ 

After the crystal has been adjusted and centered approxi¬ 
mately m the platmum jaws, the furnace part At is nused to 
about the position indicated m figure 2 The alundum and as¬ 
bestos nng segments are then put mto position and the upper 
furnace Aj placed on them After the proper electnc and water 


• Thu Journal 8 232 J38 1913 
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jacket connections have been made, the furnace can be carried 
to any temperature up to 1160° and the crystal angles or the 
refractive mdices of a prism measured by the ordinary room tern* 
■perature methods which are m general use. As the crystal is 
enclosed in the furnace a dark room is not necessaiy for the 
measurements. 

As noted above the adjustment of the crystal or prism is done 
practically by hand both by moving and tilting the crystal 
slightly and by bending the platinum jaws as a whole. In the 
present apparatus this procedure is often tedious and it is plarmed 
to modify the present adjustment device so as to facilitate this 
part of the procedure For crystal angle measurements this ad> 
justment is unnecessary because the theodolite principle is there 
used and any direction in the crystal may serve as a pole, the 
proper reduction of the observed position ansdes being made 
later by routine calculation. The arrangement of the alundum 
segments in the furnace for the measurement of crvstal an^es 
is indicated m figure 3a, while that for measuring the refractive 
indices of properly oriented crystal pnsms by the minimum de¬ 
viation method is shown m figure The methods of measure¬ 
ment followed are the standard room tempwature methods and 
need not be described here. 

It may be of mterest to note that recent preUminary measure¬ 
ments m the goniometer furnace on a cleavage rhomb of calcite 
indicate that the ojeavage angle of calcite at 600°C is 75°52', 
while at room tonprature (30°) it is 74°65', a change in the cleav¬ 
age angle of nearly one degree during a temperature rise of about 
600°. At 700° the calcite ciystal faces lose their lustre and'be* 
come white (formation of CaO) and are valueless for goniometnc 
work. The above change m cleavage angle indictee an average 
increase of 1 minute in angle for eveiy 10° temperature rise It 
would seem, therefore, that the practice of expressing crystal 
angles to seconds of arc without giving the temperature at the 
tune of measuremoit can serve little purpose and is in fact illusory 
as r^puds the actual accuracy impb^ 

An extended series of measurements of the change of the op> 
Uoal properties and oiystaUographio angles of the rock making 
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nunerals with temperature rue has been commenced at the Geo¬ 
physical Laboratory—^the birefringence, extmction angles, and op¬ 
tic axial angles being measured on the new thermal rmcrosoope 
while the refractive mdices and crystal angles are measured on* 
the thermoelectnc gomometer furnace In each case only nun- 
of defimtely known composition are to be taken and the 
tenyieratures of meltipg and of mversion controlled by the heating 
and quenching methods now m use m thu laboratory Accu¬ 
rately oriented crystal sectioiu are to be ground on a new crystal 
grinding gomometer which u now practically finished m the work¬ 
shop of the laboratory With thu instrument, m which the 
device for autooolhmation described recently m thu Journal* 
has been adopted, it will be possible to orient and to grmd crystal 
plates with reference either to their crystallo^phioal directioiu 
or to their opticid directioru 

So far as can be judged from preliminary measurements, the 
results obtamed with the electncai gomometer furnace on fav¬ 
orable material, are accurate to about 5° in temperature, about 
1' m crystal angle readings and 1 or 2 m the fourth decimal 
place m refractive mdex m^asuremepts 

The three instruments—new thermal rmcroscope, goniometer 
furnace attachment, and crystal grinding gomometer—render pos¬ 
sible the quantitative study of crystallography and of mmeral 
optics at high temperatures Such study should add materially 
to an understandmg of the crystallographic forces and of their 
relation to other physical forces, such as internal friction and 
surface tension 
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Autbon of aoiBnilflo popets ore roquMted to mo tb»t obotnMto, profonbly 
preporedondugnodbytheroMlTM, ore forwordod promptly to the oditon. Eooh 
of the BOMntifie bureoiu in Woohington boo o npremtotlee onthoiiMd to for- 
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be tronamitted thru the repreMntotive of the boreou in whleh they oiliinote. 
The abetroeta ahould eonfonn in length and general atyle to thoM appearing in 
thialaane 

ASTRONOMY — Deternunaiion of hme, longitude, latitude and azimuth. 
WiiJJAU Bowmi SpecifJ Pubbcatnm No. 14 of the U. S Coast 
and Geodetic Survey, 1013 

This IB the latest issue of a senes of manuals prepared by the U. S. 
Coast and Geodetic Surv6> for the guidance of the astrononuo obeerver 
m the field and the copiputer in the office, m oarrying on tho geodetic 
astronomy of the Survey in a systematic manner. 

Tbia pubhcatKm necessarily contains much data that appeared in the 
fourth edition but there is also much nev material, the principal items 
of which are The determination of time and longitude, using the transit 
micrometer, a deacnption of the transit micrometer, determmation of 
tune with the vertical circle for use m connection with asimuth obser* 
vations, a description of the method of observing anmuth coincidently 
with horizontal directions m primary triangulation, an example of the 
determination of an azunuth m Alaska with a tranut eqmpp^ with a 
transit micrometer, examples of the records and computations m the 
different classes of work, as actually made at present by the Survey, 
and statements of the field cost of the different classes of work. 

W. Bowib. 

GEODESY.— The Ccd^arnxorWcuhxngton Are of Primary Triangula- 
twn, A. L Bauiwin. Special Pubhcation No 13, U S. Coast 
and Geodetic Survey, 1913 

In the spring of 1003 the U. S. Coast and Geodetic Survey began tiie 
reconnaissance for an arc of primary triangulation to exte^ from the 
primary tnangulation in northern Cahfotpia to Puget Sound. The 
work of reconnaissance was not done continuously m any one ■eaepti, 
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but was done a little at a tune, in order to interfere an bttle as possible 
with the observations The observmg was completed in four summer 
seasons, beguming m June, 1903, and ending m July, 1906 

The length of the primary tnangulation of this are, along the axis of 
the scheme, is 577 miles (929 kilometers) and the length of the subsidi¬ 
ary schemes, secondary in character, is about 30 miles (48 kilometers) 
Fifty-seven stations constitute the mam scheme. The mean latitude of 
the three old stations of the Thirty-nmth Parallel triangulation, from 
which the arc started, is 39° 05', and the northernmost pomt lies m 
latitude 47° 23'. The tnangulation follows closely the meridian of 
122° 30' 

There were used to control the lengths m this tnangulation the Yolo 
base m California, the Willamette base, near Eugene, Oregon, and the 
Tacoma base, near Tacoma, Washington The Yolo base was meas¬ 
ured in 1881 m connection with the transcontinental tnangulation, 
while the other two bases were measured m 1906. 

Each of the tnangulation stations was well marked and honccis 
available for the surveyor and engineer The pubhcation contains de- 
Bcnptions of the location and marking of the stations, also the latitude 
and longitude of each pomt m the scheme and the asunuth of each line 
observed over for honsontal directions 

A senes of sketches and an mdex enable one to find readily the data 
for any portion of the area covered by the tnangulation W Bowie 

GEOLC^pY —The Onondaga fauna of the Allegheny region, E M. 
Kindlb U. S Geological Survey BuUetm 508 Pp. 144, with a 
map and sections 

The Onondaga limestone is represented from Hudson River to Lake 
Erie by a lone of frequently recumng outcrops across central New York 
State. Passing under Lake Ene, the fauna reappears in rooks of the 
same hthologio facies in northern and central Ohio, and reaches as far 
west as Louisville The most westerly recorded appearance of the fauna 
is at the Bake Oven, in southwestern Illinois, so that it has an east- 
west extension of about 1000 miles In sharp contrast with this con- 
sideraUe westerly extension of tho Onondaga fauna beyond its type 
regi(»i in eastern New York is the comparatively insignificant southerly 
extension of the fauna and formation as it has been generally recogmsed. 
The formation barely crosses Delaware River, according to most of the 
papers dealing with the stratigraphy of the Devonian in the Allegheny 
rei^on, which give it a north-south extension of scarcely 200 miles. This 
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inaignificaiit Bou^erly extension of a fauns which has been recognised 
as BO persistent in a westerly direction seems more surprising when it 
is recced that nearly all tiie other faunas characterisiiig the major 
divisions of the New York Devonian section have been traced southward 
from New York entirely across Pennsylvania into the l^rginias. Thus, 
it is seen that the prevaihng conception of the Onondaga fauna, which 
presumes its absence south of New York, gives to it an anomalous pom* 
tion as compared with the other impintant faunas of the Devonian 
section of New York. The evidence gathered during several seasons of 
field work in the Allegheny region mdicates that this conception is not 
well founded, and that the southerly extension of the Onondaga fauna 
it quite comparable in distance with its westerly extension The field 
studies have shown that the Onondaga fauna m the Allegheny region 
extends far south of the area in which nearly pure lunestones were 
deposited during Onondaga time, into a region where ehale<foiiniiig sedi¬ 
ments partly or (xunpletely dominated those of calcareous type This 
fauna has been found m near^ all the sections studied from New York 
to Tennessee ^ 

The direct bearing of these new data on the paleography of Onondaga 
time is obvious. They indicate the extension of the eastern shore hne 
of the Onondaga sea in a southwestmrly direction from southeastern New 
York to the east of the Allegheny region instead of few to the west of it, 
as previously drawn in paleogeograpbic maps, across the States of Ohio, 
Indiana, and Kentucky In the light of this new evidence it appears 
that the eastern shore hne of the Onondaga sea trended southipstward 
across north-central New Jersey and southeastern Peniuylvuiia. It 
probably traversed the States of Maryland and '>^igima near the present 
axis of the Blue Ridge. From southwestern Virgima this shore line 
appears to have trended westward not far from the Kentuoky-Tennessee 
line as far as the valley of Tennessee River, where it resumed its south¬ 
erly trend E. M. K. 

ENTOMOLOGY— Three irUereding butterfiUe from eaetem Maaea- 
ditudU. Austin Hobart Clark. Proceedings of the United 
States National Museum, 46’ 368-304; pis 82. 

Jvnotaa oomta Hilbner is reoewded from Newtonville and from Coffin’s 
Beach, near Annisquam, Femaeca tarquintua (Fabnoius) is recturded from 
Newtonville, and a specimen of Euphydryaa phaMUm (I^ry) from Nsw- 
tonville representing the variety auperia Streker is described and 
figured. A. H. C. 
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OCEANOGRAPHY.— Observationa on ocean temperatures m the 
vicinity of icebergs and in other parts of the ocean C W 
Waidner, H. C. Dickinson and J. J Crowe, Bureau of 
Standards. 

Thru the courtesy of the Navy Department an opportunity 
was afforded representatives of the Bureau of Standards to make 
observations on the temperature of sea water in the vicinity of 
icebergs and in the open sea with a view to obtaining information 
on the possibility of detecting the proximity of loe from tempeia- 
ture records 

The Bureau party embarked on the U S S. Chester, leaving 
Philadelphia on June 2,1912, under command of Captain Decker 
Mr. Crowe was subsequently transferred to the U,S S Birming¬ 
ham, under command of Captain Hughes, and contmued obser¬ 
vations from June 19, until the return to the port of Philadel¬ 
phia on July 11, 1912 

Temperature equipment. Some of the more important apparatus 
assembled for these experiments consisted of the following (1) A 
surface electrical resistance thermometer, consisting of a flat coil 
of silk-covered nickel wu% inclosed between copper sheets, and 
insulated by thm layers of mica The resistance of the mckel 
coil was about 100 ohms. (2) Deep sea thermometers of the Neg- 
retti and Zambia type kindly loaned by the Bureau of Fishenes. 
(3) Several standard mercurial thermometers (4) A Leeds and 
Nortbrup recorder, suitable for use with the resistance thermom¬ 
eters. This was kmdly loaned for these experiments by the 
Leeds and Northrup Company. 
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All of the apparatus was carefully calibrated before leaving the 
laboratory. The surface thermometer was mounted with its flat 
face directly against the inner surface of the ship’s f-mch plates, 
about 6 feet below the water line. Simultaneous measurements 
of temperature, made with a sensitive merouiial thermometer in¬ 
serted in the water and with the surface thennometer and recorder 
mounted as above, showed that the sudden changes in sea water 
temperature were mdioated by the recorder without any signifi- ' 
cant time lag. The suqtended B3nBtem of the D’Arsonval galvanom¬ 
eter of the recorder was so carefully balanced by the makers 
that the records were entirely unaffected by the rolling and pitch¬ 
ing of the ship As used, a change of 1*^0. eorreqionded to a 
movement of the pen of 18 mm. on the record sheet. The dis¬ 
placement of the paper was about 60 mm. per hour. 



Temperature record^. Practically continuous temperature rec¬ 
ords were obtained from June 4 until July 10,1012. The tempera¬ 
tures recorded ranged from 3° to 26*T!7. The balance point of the 
recorder was changed to bring the temperature records on the 
paper by the insertion of suitable known resistances in one arm 
of the l^eatstone bridge circuit of the recorder, the calibration 
of the surface thermometer b^g made with the correqxmding 
resistances in the circuit. 

Figure 1 shows the temperature record obtained on board the 
U.8.S. Cheeter, June 17, 1912 Several small bergs or ’’growlers” 
were sighted on the horison at 9.46 a.m. Almost simultaneously, 
the record shows a sudden fall of temperature from 8?7 to 7?3 C., 
or nearly 1 ”5 C. At this tune the ship was over 10 miles from the 
nearest of the growlers. The temperature continued to fall irregu- 






WAIDNKB, DICKINSON AND CBOWK' OCBAN TEMFBRATUBIES 407 


larly as the growler was approached until 10.45 a.m. when the tem¬ 
perature was 5?7C., at which tune the distance from the growler, 
estimated by the range finder, was about 500 yards At 11.00 
a.m. the distance was about 150 yards. A party put out in a 
boat to take observations of temperature around the growler whose 
mftHH was estimated at about 12,000 tons.* The surface tempera¬ 
ture as determined by the observers in the life boat ranged from 
6?8 to 6»7C. 

At 1.20 p.m., the ship steamed toward a large berg about 12 
miles distant. The course of the ship around this berg is shown 
by the diagram in the upper right comer of figure 1 The course 
D is 6 to 7 miles in length. The various legs of this course A, B, 
—0 are also indicated on the temperature record, figure 1. No 
significance can be assigned to the irregular fluctuations of tem¬ 
perature observed aroimd this berg (see figure 2). 

About 5.25 p.m. the ship lay to, abeam of the berg at a distance 
of 300 yards. A party put out in a small boat for temperature 
observations. The time until about 7 00 p m. was spent m the 
immediate neighborhood of the berg, the s^p sailing around the 
berg, while the party m the small boat was taking observations. 
From about 7.00 to 9.30 p.m. the Ship lay to, during which time the 
ship and berg drifted apart. The ^p then cruised around until 
midnight m an unsuccessful effort to locate the berg with the aid 
of two powerful searchlights. From measurements ii^e with two 
stadimeters, on the ship and on the whaleboat respectively, the 
rnasH of the berg was found to be about 400,000 tons. 

The mean of a number of temperature observations taken from 
the whale boat gave the followmg surface temperatures 20 feet 
from the berg 4”5, 35 feet 4°9, 50 feet 5?0, 75 feet 5M, 200 feet 
5?7C. The temperature at a distance of 50 feet from the berg and 
at a depth of 5 fathoms was 3*’6C., and at a depth of 20 fathoms 
3?3. At some miles distant from the berg temperatures were 
encountered as low as those observed a few feet from the berg. 

VimatMM in the aalinUy of sea ioater. Variation in the salinity 
of sea water in the neighborhood of icebergs due to the diluting 
action of the water resulting from the melting of the ice is so 
small as to be entirely masked by the accidental variations found 
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m sea water The following detenmnations of the densities of 
samples of sea water taken under conditions specified and after¬ 
wards tested m the laboratories serve to illustrate this 


•AMrXJQ KVMBXm 

■racfno OBAVITT 

■IMSWrt 

1 

1 02380 

Cloae to berg 


2 

1 02352 

Close to anothf r borg 


^ 1 

1 0*^ 

400 yards from berg 


4 ’ 

1 02330 

40 miles from berg 


5 

1 02310 

00 miles from berg 


6 

0 00923 

Water from berg icc 


7 

0 00923 

DutiUed water 



Echoes from icebergs The testimony of numerous observers 
is on e^ idence that the echo of the fog horn may frequently but 
by no means always be detected when in the proximity of an 
iceberg or e\en of a bank of fog The amount of evidence on 
this pomt leaves no doubt as to the correctness of the above 
statement The experiment of soundmg the fog horn when m 
the \icinity of a number of the bergs encountered on the tnp was 
tned but m no instance was an echo detected A few experiments 
were also made to determine whether an echo could be detected 
under water coming from the larger submerged portion of the 
berg For this purpose the ship s bell was lowered mto the water 
and signals produced by striking the bell Observers stationed 
at the ship’s submarine signal telephones listened for evidences 
of the echo The ship was at a distance of 1 to 2 miles from the 
fail sued berg encountered by the U S S Chester on the afternoon 
of June 17 It was difficult to draw postive conclusions on ac¬ 
count of the disturbing noises present m the telephone receiver 
but a number of observers were convinced that they heard famt 
echoes There was no time to investigate and improve the tele¬ 
phonic apparatus, so that the most that can be said is that these 
preliminary experiments look hopeful enough to merit more 
careful experiments 

Other observations The results of other experiments such as 
firing 3 and 5-inoh shells mto the berg, the utility of searchlights 
in locating bergs at night etc will undoubtedly be covered m 
the official reports of the commanding officers It may be worth 
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while to record, however, the general impressions o{ the authors, 
unfamiliar with such matters, that the effects of cannon fire were 
disappointingly small and the utility df powerful searchlights 
surpiismgly limited. Altho the lookouts were provided with spy 
glasses or with bmoculars, it is of interest to note that the ice¬ 
bergs were invariably first seen with the unaided eye. The dif¬ 
ficulty of picking up icebergs under some conditions is illustrated 
by the following mcident. While the ship was steaming toward 
a large berg m sight, a heavy fog fell One lookout was m the 
crow’s nest, four were on the bndge, and two m the ship’s eyes. 
Notwithstanding this the berg was first picked up from the 
quarterdeck after the ship had passed the berg some 200 yards 
abeam 

Samples of ice broken from the berg by gun fire were taken 
aboard ship. These contained considerable amounts of mcluded 
air, which probably accounts for their white appearance The 
ice was surprisingly hard and free from any definite cleavage 
planes The whitish appearance was generally characteristic of 
all the bergs met with. In some instances there were natrow 
streaks of ice, transparent and of a blue color, that penetrated 
entirely thru the bergs. 

The water resulting from the melting of the iceberg was found 
to have the same density as that of distilled water It was free 
from any characteristic taste So far as our obser\'ations go, 
the temperature of the air furnishes no evidence of value as to 
the proximity of a berg. 

Dtacusaton of observations. An examination of the tempera¬ 
ture records which were obtamed under a variety of conditions, 
m the region 37° to 43° 30’ north latitude and 43° to 53° wrat 
longitude, at once impresses one with the difficulty of separating 
the large and sudden variations of sea water temperature, so 
frequently met with, from any variations that may be caused 
by the proximity of icebergs. We have obtamed records in 
some parts of the ocean m which the temperatures were practi¬ 
cally constant to a few tenths of a degree for many hours. On the 
other hand, some of the records show that the temperature vari¬ 
ations in other parts of the ocean, where no ice is near, are as 
great and as sudden as any observed in the neighborhood of 
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bergs Having established the existence of such variations in 
sea water temperatures, it follows that it will be very difficult 
and often impossible to^lraw definite conclusions as to the prox> 
unity of ice from tempieratiu^ records 




In approaching or leaving a berg the temperature of the sea 
water may rise or fall or remain practically constant. In figure 
2, the temperature records of figure 1 are reproduced, the tem¬ 
perature at the iceberg being arbitrarily taken as the sero of 
temperatures for each course. Curve a, figure 2, is the temper- 
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ature record in approaching and leaving a growler. The re¬ 
mainder of the curves in figure 2 are the records for all the courses 
around the large berg, shown m figufe 1. The temperature 
records for the several courses differ so much that no certain 
effect can be attributed to the iceberg. The mean of the curves 
for all the courses is shown in the lower part of figure 2 



7irm^r»ture berfs(aA 0 vf 5PO ytfs) 


Fig 8 Average temperature about eeveral bergs 

In figure 3 are reproduced all the temperature records, ex- 
oqit those of June 17, for approaching and leaving icebergs, the 
temperatures at the bergs bemg always arbitrarily taken as the 
sero of temperature. The mean curve shown below, indicates 
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that m general there was a fall m temperature of about 1** in 4 
or 5 miles in approaching the various bergs In all but two in¬ 
stances the minimum temperature was found near the bergs. So 
far as our records go, therefore, it does not seem possible to draw 
positive conclusions as to the absence or proximity of ice from 
the temperature records of sea water. This is not a condemna¬ 
tion of the use of suitable recorders on ships. As Barnes has 
shown, the temperature record may give valuable information 
on the approach to shore and shallow water, on the identifica¬ 
tion of characteristic ocean currents, and, as his records seem to 
show, even of the proximity of icebergs in some parts of the 
ocean where the variations are less erratic than m the regions m 
which our observations were made. 

If the ''characteristic iceberg effect" observed by Barnes, le, 
rise of temperature on approaching icebergs, had been present 
around the bergs observed by us and of the same or even much 
less magnitude, our records would have rendered such an effect 
evident, notwithstandmg the irr^lar variations of temperature 
usually found to exist. In view of the differences in the charac¬ 
ter of the records obtained by Beanes and by us, it is very desir¬ 
able tliat further cAiservations be made in different parts of the 
ocean, and under as varied conditions as possible, before attempt¬ 
ing to draw final conclusions. 

In conclusion, we wish to express our indebtedness to Captain 
Decker, Captain Hughes, and their officers and crews for their 
hearty cooperation and many acts of kmdness during our stay 
on shipbovd 

ELECTRICITY.— High-frequency ammetere. J H. Dblunobb 
To appear in the BuUetm of the Bureau of Standards, Sci¬ 
entific Paper No. 206. 

For the measurement of current at radiotelegraphic frequen-. 
oies, about 60,000 to 2,000,000 cycles per second, it is general 
practice to utilize the thermal ^eot of the current. The elec- 
trodynamic effect of the current has not been very successfully 
utilized; because,.when the wire is coiled up to fom an electro- 
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dynamometer, conditions are favorable (impedance large «wid 
capacity large) for part of the current to flow thru the dieleotnc 
instead of the wire, in amount varying with the frequency. The 
superiority of the hot-wire ammeter and the modifications there¬ 
of, in high frequency work, is due to the simplicity of form which 
the portion of the circuit withm the instrument may have, per¬ 
mitting a minimum of self-idHuctance and capacity A single 
‘straight wire of very small diameter is the only form of ammeter 
circuit which can be taken as d pnon reliable at all frequencies. 
When the instrument is requirwi to carry relatively large cur¬ 
rents, such a wire is not sufRcient, and more than one elementary 
path must be provided for the current. The distribution of cur¬ 
rent among these paths is dctermmed solely by the resistances, 
at low frequencies, while at high frequencies the inductances pre¬ 
dominate Consequently the current distribution and the read- 
mgs of the mstrument are likely to change as the frequency is 
varied. 

There are three general types of ammeters m use for large cur¬ 
rents of high frequency (a) that employing wires m parallel, 
(b) the so-called unshunted ammeter in which a smgle wire has 
different portions of its length m parallel, and (c) the ammeter 
employing thm metal strips Both experimental and commer¬ 
cial instruments of all these types were mvestigated, experimen¬ 
tally and theoretically. All types were found to be subject to 
errors at radiotelegraphic frequencies. This fact is of great 
moment, for the ammeter is the cardinal mstrument m high fre¬ 
quency work. It IS of value in measurements of resistance and 
power, as well as of current In some of the ammeters investi¬ 
gated the readings were found to increase with increase of fre¬ 
quency, and m others to decrease These changes are entirely 
independent of the thermometnc method used to measure heat 
production. The thermometric device may depend on expan¬ 
sion, calorimetry, electric resistance, or thermoelectric effect 

The observations were made by passmg high-frequency and 
low-frequency current successively thru the instruments An 
instrument under teat was always m series with an instrument 
which could be taken as standard, and the two were observed 
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simultaneously. Thus the ratio of indioated ouirent at high and 
low frequency, for equal total (nirrent in the circuit, was obtained. 
The high-frequency current was generated by the oscillatory dis¬ 
charge of a condenser across a spark gap. The instruflients were 
in a secondary circuit, loosely coupled to the primaiy, and con¬ 
sisting of an inductance coil, the instruments, and I^yden jars, 
in series. The chief source of accHental error in the observations 
was the slight unsteadmess of the current together with the dif-‘ 
fering lag of the mdicating devices of the instruments. 

From the dimensions and arrangement of the wires it was 
found possible to predict quantitatively the changes of reading of 
the wire instruments with frequency, while theoretical considera¬ 
tions also made it possible to predict quahtatively the perform¬ 
ance of the strip instruments. It is an interesting comcidence 
that the changes of reading occur just in the range of radiotele- 
graphic frequencies. In some of the instruments, the current 
distribution was constant from low frequencies up to about 100,000 
then underwent changes, and became constant for 1,600,000 
and hi^er frequencies. Thus, in one sense, physically iniimte 
frequency was practically attained The order of agreement of 
calculation and experiment attained with these instruments is 
in itself one of the most interesting results of the investigation. 
It shows that calculations based on the formulas for self and 
mutual mductance of finite portions of a circuit are valid, to the 
observed d^ree of accuracy, for short lengths and for damped 
high-frequency oscillations. 

In the case of the parallel wire ammeter, mutual inductances 
between parts, which had hitherto been supposed to be negligible, 
are the determining factor in the change of current distribution. 
In the so-called unshunted ammeter, the errors are chiefly due 
to the self-inductances of parts other than the hot wire. In this 
case, they can be minimis^ by symmetrical location of the cur¬ 
rent leads In the strip ammeter, the tominal blocks have been 
found to be the source of large errors. These are reduced by. 
proptf shaping of the blocks. 

One effective means of reducing the errors of these ammeters 
at high frequencies is by using working parts oi high reeistance, 
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i.e., metal wires or strips which are very thin and of high resia- ‘ 
tivity. Another expedient is to change the design so that the 
deflections depend on the entire heat production in the instru¬ 
ment instead of on that in one branch of its circuit. It was found 
possible to apply this idea to the thermocouple instruments, as 
well as to those whose mdioations depend on other thermometnc 
principles. Still another method of improvement is to arrange 
' the working parts (either wires or strips) as eqmdistant dements 
of a cylinder, so that each has the same set of mutugl inductances. 
This design approaches as a limit the circular tube, which theo¬ 
retically has no change of current distribution with frequency. 
In common with the others, however, it is subject to an error 
which has hitherto been overlooked. It is difl&oult to obtain very 
thin wires or strips of uniform cross-section, and this variation 
results in the resistances of elements being unequal while the 
inductances are substantially equal. As a result the current 
distnbution may be uniform at high frequency and not at low 
frequency. 

Eddy currents induced m neighboring masses of metal are 
found to cause no error. Inductive action of the leads near an 
instrument in some cases appreciably affects the readmgs, and 
must be guarded against. The distributed capacity of the cir¬ 
cuits within the instruments is foimd to cause no error, but the 
capacity of auxiliary parts produces an appreciable effect at the 
hipest frequency used, 1,500,000 cycles per second. This ef¬ 
fect was very striking, two instruments in senes carrying differ¬ 
ent amounts of current. Apparently part of the current was 
shunted out of one of the mstruments by electrostatic mduction. 
A means of elimina ting the effect was foimd for the purposes of 
ammeter comparison. This phenomenon suggests that the cuiv 
rent m a conducting circuit may not be a definite quantity at 
frequencies over 1,000,(XX). 

In conclusion, it may be said that all types of ammeters in 
use for large currents of high frequency are subject to errors. 
The sources of error have been isolated and studied. Some were 
diown to be negligible, and others very serious. Means of im¬ 
proving the designs have been worked out. 
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CHEMISTRY — The interpretation of mineral analyaes.^ Roqeb 
C. Wells, Geologioal Survey. 

In a recent number of this Journal W. T. Schaller proposed an 
improvement m the usual method of reducmg a mmeral analysis 
to a chemical formula which seems to have some advantages * 
A little later F E. Wright and C. E. Van Orstrand published a 
paper on the detennmatinn of the order of agreement between 
obsen'ation and theory m mmeral anal3rBes in which they state 
that Schaller’s method is in error m certain details of principle 
and discuss several methods of making comparisons between 
analytical data and theoretical formulas based upon the method 
of least squares * Without doubt both of these papers represent 
certain adv'ances, but as they stand there is too much variance 
between them The subject is one of general interest and fun¬ 
damental importance so that some further observations may not 
be mappropriate. 

The excellent analysis of pearceite upon which the discussion 
ui these papers is based was published some tune ago by F. R. 
Van Horn and C. W Cook * At present only methods of com- 
panng the analytical data with theory are m question Van Horn 
andiCook obtained from their analysis the atom numbers of sul¬ 
fur, arsenic and silver 10 80, 2 000 and 7.886 from which they 
easily deduced the correct formula, 8AgtS.AstSs The real ques¬ 
tion decided concerned only one atom m 15, that is between the 
formulas OAgiS AstSs and 8AgtS AsjSj. The analysis was con¬ 
siderably more accurate than necessary to decide this pomt 

The improvement proposed in the calculation by Schaller is 
suggestive altho not essential to the evaluation m this case and 
consists in the use of an arithmetic mean instead of a single value 
of the greatest common divisor by which percentages found in 
an analysis are reduced to numbers of atoms. The details of 
carrying out this calculation may be found m his paper He thus 
obtained the numbers 10 92, 2.02 and 7 97 which are closer to 

^ Published with the permiBBion of the Director of the T7 S Geological Su^ey. 

* Joum Wash Aoad Soi, S 07 1013 

* Joum Wash Acad Soi, S 223 1013 

* Amer Joum 8ci, (4) 81 818 1011 
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the whole nmnben of the f()nnula 11, 2 and 8 than the numbers 
above. Schaller also expressed the numbers in another form 
intended to show their variation from whole numbers more clearly 
as follows 11 XO.993, 2x1.01 and 8 x0.996 In this form devia¬ 
tions from the requirements of theory are shown as factors of 
the quantities involved 

Wnght and Van Orstrand begm their discussion on page 224 
as follows- “The underlymg purpose of such calculations is not, 
however, to improve b chemical analjrsis by mathematical mani¬ 
pulation, which IS obviously impossible, but to obtain a logical 
basis of comparison for the given anal 3 nus with the analysis calcu¬ 
lated from the chemical formula." Unfortunately, while object¬ 
ing to “mathematical mampulation" the authors of the second 
paper appear to have recommended and rejected methods of cal¬ 
culation on purely mathematical grounds entirely apart from any 
consideration of the necessary chemical relationships mvoh od 

In the first method of calculation described they begin by infci- 
ring that the correct numbeis aie 11, 2 and 8. They then derive 
by the method of least squares a “weight percentage composi¬ 
tion" (column 5) for comparison with the analysis which totals 
99.84. In other words they present a basis of comparison that 
totals less than the onginal in\ estigators obtamed in their analysis, 
V12., 99.89, and conclude “the differences between the observed 
(p) and computed (y') values (o-c, column 1-5) are a proper 
measure of the degree of approximation of the actual anal 3 ons to 
that computed from the inferred chemical formula " Let us see 
how this'works out. Assuming equal errors in all the percentages 
of an analysis of the mmeral m question, say, 0 10, we come out 
of the comparison with the followmg differences* 0.05, 0.09,0 05 
and 0 08. In other words the chemist should have unequal errors 
in his percentages to obtiain a perfect comparison! Now as a 
matter of fact he does have unequal errors in his percentages, and 
these errors are roughly proportional to the percentages involved. 
Wor king out the scheme on the assumption that the errors are 
the same fraction, say 1/200th of all the percentages gives no 
differences whatever. Obviously the more nearly all errors can 
be made proportional to the quantities of substance mvolvedthe 
better the comparison will turn out on the whole. 
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This leads us to the conclusion tl^t “residual errors” or “dif¬ 
ferences” have very little meaning by themselves. This meaning 
can only be brou^t out by comparison with the magnitudes 
involved. For example an error of 1 gram in wei^bing 7 grams of 
arsemc is a very different order of error from that of 1 gram in 
59 grams of silver. This is a general proposition but it has partic¬ 
ular apphcation m chemical operations where we are so frequently 
concerned with the numbers of atoms involved, the atoms hav¬ 
ing different weights. If we are to ncake ecfhally good determinar 
tions of atomic quantities of two substances we must keep our 
reltUitie errors not our absolute errors the same in the two deter¬ 
minations. So far as my experience in tracing the effects oi errors 
upon the results m different chemical operations goes, I believe 
that the best policy for the chemist to pursue is to assume a given 
error in a measurement, carry thru the whole calculation and 
ascertam exactly what effect the errur will produce in the final 
result. As is well known, relative errors m a magnitude are trans¬ 
mitted unchanged in multiplication and division of the magnitude 
by other magnitudes, but they are affected irregularly or may 
practically disappear m additions and subtractions. 

The chemist well knows that in addition to “random” errors 
there are errors that depend on the elements involved and the 
methods used. For example, it is not diflSoult to detennine silver 
with accuracy; the same cannot be said of arsenic. Sulfur is 
usually w^ghed as banum sulfate, a substance over seven times 
heavier than its equivalent of sulfur, while copper is frequently 
weighed as metal. Even if the same accidental error m milli¬ 
grams 18 made in weighing these two substances the sulfur deter¬ 
minations will turn out to be seven-fold as accurate as that of 
the copper. Neglecting these special relations, however, it may 
be said that errors wM tend to be propwtxonai to the magnitudes 
involved. This relation does not hold strictly because tiie analyst 
usually allows himself a little more laxity in the case of the minor 
constituents and in these the “constant” errors attain more tignif- 
icanoe. This difference in the nature of the errors ts cf fundamental 
importance tn deciding upon methods of eateulation and eomparieon. 

In the method employed by Van Horn and Gook erne deter- 
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mination is assumed to be fi^ from error and the remaining atom 
numbers show discrepancies from the requirement of theory. 
Schaller’s method is a simple method of distnbuting the dis¬ 
crepancies. It occurred to Wright and Van Qrstrand that the 
method of least squares would give a still better distribution of 
discrepancies. In the illusti'ation worked out by them, however, 
(first method) it is obvious that the y values (observed data) are 
weighted by multiplication by the respective molecular weights 
(x values) It would*be perfectly possible to weight the observa¬ 
tion equations m any arbitrary manner It would seem, however, 
that if the discrepancies are assumed to be random ones Ihe weight¬ 
ing should be based upon the magmtude of the discrepancies rather 
than that upon the molecular weights involved. In view of what 
has been said it can be seen that the weighting should probably 
also vary with the mineral, the number of atoms, etc., so that the 
chief difficulty would be m getting chemists to agree upon a 
system of weighting. 

There is some objection from a chanuoal point of view to any 
method involving a distribution of discrepancies. It must be 
borne in mmd that a mineral may be a mixture, a solid solution, 
or a molecular species. All these possibihties occur m nature 
and some species occur in a state of remarkable purity. Yet it 
is hardly to be expected that natural products formed from, or 
open to attack by, migrating solutions of various kinds can be 
wholly free from inclusions of foreign matter. Under these circum* 
stances a clear differentiation between fact and hypothesis should 
be preserved. An analysis is a more or less imperfect expression 
of certain facts, vis., the composition of the substance in question; 
that this composition may be expressed in a chemical formula is 
an hypothesis which may find only approximate verification m 
the case of a mineral. As our knowledge widens minerals are 
being found more and more to be solid solutions to a slight extent, 
these interesting relationships are brought out by independent 
derivations of the atom numbers but masked by a distribution of 
“errors.” Methods involving a distribution of errors are there¬ 
fore strictly applicable only to very pure compounds. 

But in reverting wholly to a comparison of percentages we lose 
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some advantages possessed by a comi^anson of the atom numbers. 
Residuals of the latter may be compared with one another with 
respect to the possibility of their combination into simple mole¬ 
cules. In objecting to this method of comparison on mathematical 
grounds the authors of the second paper appear to have over¬ 
looked an important distinction In weighing out the mmeral 
for analysis as well as in all the analytical operations there are 
the same atoms inv'olved, atoms of different weights—^here eleven 
atoms of sulfur, two of arsenic and eight of silver—so that the 
percentages of the different elements are already weighed, i e., 
"weighted” according to these proportions and, m dividing, the 
chemist simply tends to restore unit weight to each determina¬ 
tion of the comcnon divisor upon which the atomic theory depends. 
When we compaie percentages wo compare data for eleven atoms 
of silvei, two of arsenic, and eight of silver, on the other hand, 
when the comparison is between diffeient values of the greatest 
common di\ isor we are comparing numbers having a significance 
common to all the atoms in the mineral. 

Now in view of the consideration on page 419 it appears in 
geneial that (a) when percentages are compared the principal 
constituents will contain the smallest relative errors while con¬ 
stant errors will tend to compensate one another. The total 
essential constituents expanded to 100 per cent will therefore be 
the best basis of comparison with the theoretical percentages 
(b) When the atom numbers ate to be compared the one obtamed 
from the mmor constituent will be most affected by "constant er¬ 
rors” such os those of weighing and measuring, the one obtamed 
from the major constituent will be most affected by "relative 
errors,” those proceedmg from chemical transformations. Which 
kind of error will predominate here will depend agam upon the 
mineral and the method of analj^is. The plan has heretofore 
been to base the value of the common divisor upon the mmor 
constituent. Schaller’s proposal bases the divisor upon all the 
constituents. Another plan would be to base the value of the 
common divisor upon the chief constituent or the most accurately 
determined one. A factor may be very empty obtained, however, 
by taking 1/JOOth of the molecular weight aeeumed^or the mineral, 
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which IS obviously theoretically correct for each formula assumed.* 
It is then only necessary to multiply the oombining ratios found, 
by this factor, to obtam the exact atom numbers found in the 
analysis. 

^ The comparison of the analysis under discussion with theory 
may therefore be made by either of the two following methods' 


First Method 
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( 0 274!H\ 

Q-^-j)xi07 8S Simi¬ 
larly for the i opper In the case of replacements such as that of i oppei for silver 
here the molecular weight assumed must be obtainefl by taking propei projior- 
tions of the atom numbers of the simplified foimula As the numbei of replace¬ 
ments increases, the more difficult it becomes to derive either a '‘theoretical’’ 
molecular weight or a theoretical percentage 

■ Obtained froifi 17 48, etc , above by dividing by atomic weights 
* Considered as Agi and Cui 

/2009 1\ 

* Obtained fromO 5451, etc , by multiplying by t j where 2000 1 is the 

molecular weight assumed 


• If Af is the molecular weight assumed 1 per cent of A/ is Jqq »F 

an element has been found, the moleoular portion will be and this will be as 

many atoms as the atomic weight of that element is contained in or , 

Af 

hence the factor for each moleoular ratio will be ^ 
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If the arguments set forth in the preceding discussion are valid 
the relative discrepancies m the last columns are the best mdices 
of the agreement of the data found with the formula assumed. 
To say that 10.95 has a discrepancy of —0.5 per cent from the 
theoretical value 11 is very similar to expressing 10.05 as 11. 
0.905. In my opinion the "mean rdative discrepancy” is probably 
the best smgle value which can be found to indicate the order of 
agreement of a nuneral analysis with the formula. 

The principal conclusions in this paper may be summarised 
as follows 

1. "Differences” are not a good measure of concordance when 
compansons are made between several numbera of different mag¬ 
nitude or where different chemical elements are concerned. The 
discrepancies should also be thought of as factors or percentages 
of the quantities involved. 

2 Before a mathematioal simplification in analytical data is 
attempted the nature of possible errors and their mode of trans¬ 
mission to the final result should be considered. 

3. The analytical percentages of a mineral anals^sis will m 
general contain some random errors and will certainly contain 
errors characteristic of the individual elements. The errors will 
however tend to be proportional to the quantities of substance 
involved. If the chemist wishes to bring up the accuracy of all 
the constituents to their full measure in the determination of the 
whole nuneral, he should devote his chief attention first to the 
constituent which he believes to be subject to the greatest abso¬ 
lute error and next to the other constituents m the order in which 
they occur by weight beginning with the predominating one. 

4. Any method of comparing the analytical data with theory 
which mvolves a distribution of the discrepancies may rnanlc 
some relations, such as those of solid solution or the presence of 
a free element and should therefore be used only in the case of 
pure compounds. 

5. The percentage of the constituents found should 

first be expanded to 100 per cent andtben compared directly with 
the theoretical percentages. Or the combining ratios foudd may 

numbers 4huB found compared with theory. 
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6. The “mean relative discrepanrjr” of all the determinations 
is probably the best single index of the agreement of a mmeral 
analysis with a chemical formula. 

CHEMISTRY .—Note on the analyata of wcUer from a deep xoeO, 
in Pennsylvania, George Steiger, Geological Survey. 

The well from which the water was obtained is situated eight 
miles southwest of Imperial, Allegheny County, and five miles 
northwest of McDonald, Washington County, Pennsylvania * 
Down to 6300 feet the wdl was perfectly dry, at this pomt water 
was encountered and finally filled the well to a depth of 3000 feet. 

At the request of Dr. G F Becker, the Peoples Gas Company, 
owners of the well, collected two samples of fi^ gallons each 
One sample was sent to the laboratoiy of the Bureau of Mmes 
at Denver for radioactive tests, the other was shipped to the 
laboratoiy of the U. S. Geological Survey for the general chemi¬ 
cal analysis. 


Qbamb m Kilooram op Watbr 


Fe 

0 16 

SO 4 

0 05 

Mg 

2 48 

Cl 

161 80 

C» n 

25 19 

Br 

0 70 

Sr .. 

3 55* 

I 


Ba 

trace 



Na 

64 55 


268 64 

K . 

5 lb 

Hp G 

1 211 


112 6 X 10~» granu of radium per liter. 

Silicon, aluminum, titanium, phoephorue, manganeee, lead, bismuth, and 
oarfoomo acid, were tested for and were found to be absent 


* Equivalent to 7 8 grams of SrGli per liter 

This water contains about eight times the quantity of dissolved 
salts per kilogram as that of sea-water. When received, a quan¬ 
tity of suspended matter was present, probably finely divided 
rock introduced throu^ the process of drilling. This was sep¬ 
arated by filtration and the filtrate which was perfectly clear 
was used for analysis. Dr. Becker who will be assisted by Mr. 
C. E. Van Orstrand, in the near future, mtends studying the 
w^ regarding temperature and radioactivity. It was m relar 

* A omnplete dcMTiption of thu well by I C White will be found in the Bulle* 

tin of the Geologioel Society of Amenca, M 278-282 1018 
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tion to the radioactivity that lead, bismuth, and barium were 
very carefully tested for 

When time permits drill cores of the aocompanying rook will 
be analyzed m the hope of throwing some hght on the source of • 
the large strontium content, this metal being of rare occurrence 
in surface rocks of this locahty. Dr R. B Moore who kmdly 
made the determination of the radioactive matter states that the 
amount is not excessive for water of this character. 

For the collection of the water the Survey is indebted to Mr. 
John G. Pew, Vice-President of the Company 

BOTANY —A Jieiv shrubby buckeye. W W. Ashe, Forest 
Service 

Aescuhis mtcrocarpa sp nov. Leaves with slender glabrous pet¬ 
ioles, much longer than the middle leaflet, mostly five obovate- 
oblong leaflets, which are sharply serrate, slender petiolulate, 
glabrous on unfolding except for minute tufts of hair in the axils 
of the vems, when mature glabrous, firm in texture and pale be¬ 
neath, twigs slender, glabrous, glauccscent Flowers, opening m 
Rabun County, Georgia, the last of April and early in May, 
about 3 cm long, pale yellow or toward base orange, petals oon- 
mvent, very unequal, pubcrulent, the claws puberulent, claws 
of lateral pair longcf than calyx tube, the limb ovate or oblong, 
pedicels slender, mostly longer than the oblong-oampanulate 
puberulent calyx tube Fruit smooth, about 3 cm thick, one- 
seeded, with t^n, smooth reddish brown valves, seed spheroid, 
about 2 cm m diameter. A shrub 1 to 3 m m height Growing 
with Aesculus pavia L along rocky banks of streams and open 
red clay hills q 1 western South Carolina and northern Georgia, 
between altitudes of 160 and 500 m. Type material which is in 
the herbarium of the author, is from Cherchero* Creek, Rabun 
County, Georgia, it was collected in April and September, 1011. 

This shrub is most closely related to Aescidua octandra Marsh, 
which grows with it along the upper edge of its distribution in 
Rabun County, Georgia. The flowers of the proposed qieoies 
are about one-tbird larger than those of Ae. octandra, more slen¬ 
der, not so pubescent, the cal 3 rx more tubular, and the thyrse is 
smaller. The seed is solitary, spheroid, and about one-half the 
size of that of Ae. octandra. 
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Author! of Kientifio papers are requested to see that abstracts, preferably 
prepared and signed by themselves, ore forwarded promptly to the editors Each 
of the scientific bureaus in Washington has a representative authorised to for* 
ward such material to this journal and abstracts of official publications should 
be transmitted thru the representative of the bureau in which they originate 
The abstracts should conform m length and general style to those appearing in 
this issue 

PHY'SIC'S —The determination of aqueous eapor above Mount Wthon 
F E Fowle Aatrophysieal Journal, 36 359 1913 

The quantity of precipitable wator exiting in the form of vapor be¬ 
tween the top of Mount Wilson and the outer limitn of our atm^phere 
during fair weather from June to November, 1910, and 1911, was ileter- 
mined by the spectrobolometnc method dehcribcd m detail in the Astro- 
physiral Journal, 8S 149 1912 (uoe this journal, 2 318 1912) The 

average quantity present was 0 69 cm and the range from 0 2 cm to 
about 2 8 cm of preeijiitabic water The difference in the monthly 
means would ho ranall but for a few exceptionally moist day^ in August, 
almost the dryest day indebd for 1910 was August 13 (0 17 cm) anil the 
dryccit for 1911, Septemlier 12 (012 cm) A gradual but generally 
slow increase in atmospheno water vapor often took place during the 
observations which extended from aliout 7am to 10 a m This averaged 
0 12 cm For about 40 per cent of the days this increase was less than 
0 1 cm 

These spectrobolometnc results were then used in a study of the 
formula of Hann which, with a coefficient determined from iMilloon and 
kite observations, has been m use for connecting surface humidities 
with the quantity of aqueous vapor m the atmosphere. This coefiicient 
was redetermined by means of the data above discussed The general 
mean for the coefficients (1 8) agrees closely with that denved by Hann 
(1 9), also with that from Humphrey’s data (1.7). The range of values 
is, however, so great (from 0 33 to 11.80) that we must regard the for¬ 
mula, though applicable for mean conditions, as of no value for individ¬ 
ual days F E. F 
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PROCEEDINGS OF THE ACADEMY AND AFFIUATED 

SOCIETIES 

THE PHILOSOPHICAL SOCIETY OP WASHINGTON 

The 724tb meeting was held on April 12, 1013, at the Cosmoa Club. 
President Abbot in the chair, 66 perwnB present. The minutes of the 
723d tneetmg were read and approved. 

' Mr R S. WooDWABD presented a paper on Hm laws of fattmg hodin. 
The history of the subject, beginning with the first consideration of the 
problem by Gauss and Laplace 110 yean ago, was reviewed, llieee 
mvestigators differed in their eonolusions, Qaass that there 

is a meridional deviation towards the equator, whidi Lajwce demed. 
Poisson made some corrections to Gauss’s work but accepted his oon- 
clusiona, as did most of the subsequent worken In view of conflicting 
opinions, differences in experiments, and of obvious defects m the mem¬ 
oirs, the speaker has thou^t it wor^ while to study the subject further, 
taldngvmto account the recent work in geodesy. The method of La¬ 
grange was used to derive the equations. The height of fall was lunited 
so that there would be no extenor effects on acoount (rf other bodies 
Discussion of equations was earned to terms of the second order and 
some results of the application of the formulae given. The conclusion 
resMihed was that the deviation in the mendional plane due to the reta¬ 
ins and figure of the Earth is towards the no^pi The easterly devia¬ 
tion 18 very much larger than the northerly There is need of more 
information regarding the geodesy of the subject. The paper was dis¬ 
cussed by Messrs Baubb, Xjttlbhalbs, Wxad, and Rosa 

Mr C. W Waiondb spoke on Sea weder temperatures tn the vtemtty 
of tetbergs, giving results of Uie experiments earned out by a party of 
three from the Bureau of Standard on a Umted States cruiser ^e 
themiometer was a fiat rectangular nickel coil enclosed between two 
copper plates pressed close to we side of the ship and connected to a 
Leeds and Northrup recorder The equipment and charts showing some 
of the records were illustrated by lantern slides So far as detection 
of proximity of icebergs is concerned, the general conclumon was that, 
while such records may be of help, the normal variations are generally 
so erratic and large in comparison with effect due to icebergs that it. 
IS practically impossible to get definite indications from the records 
Other experiments made on swnitv and density of sea water indicated 
that nothing could be accomplished, as the dilui^ effect is infimtemnal. 
The paper was discussed by Messrs. Baubb, LrrruHALBs, and Bubbows 
as to the radiation method from the surface of iceberg and by Mr. 
Abbot. 

J. A. FLKMmo, Secretary. 
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THE BIOLOGICAL SOCIETY OF WASHINGTON 

The £12tb meeting of the Biolimcal Society of Washington was held 
on April 10, 1013 at the Cosmos Club, with Vice-President Hay m the 
chair and about 30 persons present. 

Hbnbt Talbott exhibited an unusually large tooth of the fossil shark, 
Carcharodon megdodon from South Carolina and by way of compar¬ 
ison the much smaller teeth of Odontaspes from Chesapeake Beach, 
Maryland. 

* Wblls W. Cooks commented on the spring migration of birds, not¬ 
ing that this year the yellowthroat, redst^, wood thrush and cmbiid 
had arrived three days ahead of schedule time 

The regular program consisted of a commumcation by C D Marsh, 
on Stock Fouontng by Larkspur. He stated that ranchmen of the west 
had long claimed losses of stock due to larkspur, and on scientific in¬ 
quiry hM found their observations correct, and that the monetary loss 
was considerable. Altho larkspur occurs in other parts of the world it 
apparently only causes trouble m the Western Umted States. The 
average mortality in affected areas of the west is from 3 to 6 per cent, 
but as many as 20 head out of a herd of 200 have been fatally poisoned 
in twenty-four hours. The low larkspur appears to be always dangerous, 
but the tall only becomes so hi August idter the frmt matures The 
poison IS a cumulative one and requues from 3 to 10 per cent of the am- 
mal’s body weight of larkspur plant to cause death or alarming symp¬ 
toms. The symptoms consist of general (hscomfort, nausea, constipa¬ 
tion, a charactenstio arching of the back and sudden collapse, followed 
by partial recovery and.a repetition of similar attacks, and if the case 
is a fatal one, to end m respiratory paralysis and death by asphyxia 
Animals do not become immune to the poison Horses may be expen- 
mentally poisoned but when feeding on tne rai^e do not eat mto a patch 
of lark^ur enough to consume a toxic quantity Sheep are naturally 
immune to the poison and may be fed a contmuous diet of little elw 
than larkspur without showing any symptoms The cowboy’s treatment 
of the Hiimwib is bleeding but the proportion of recoveries by this method 
IS not greatw them m natuial recovery, fiational treatment consists m 
placing the poisoned animal on sloping ground with head upward so 
that the atxmminal viscera fall back from the thoracic organs Drug 
treatment consists of eserm pilocarpme and strychnme administered 
hypodermically Under this method 96 per cent of poisoned animals 
recover. Alcohol is alM effective but less practical ^ The paper was 
illustrated by lantern dides, showing the larkspur in detail and on 
ranges, and numerous ftniniftlH in various stages of poisoning. The paper 
was discussed by Messrs. B^ey, Weed, Hitchcock, Gill, Lyon and 
others. 

The 513th regulw meeting of the Biological Society of Washington 
was held on May 3, 1913 at the Cosmos Club, with President Ndson 
m the ohair and 66 persons present. 
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Dr H, M Smith called attention to a lar^e whale shark captured 
during the past year m Florida waters It originally measured 38 feet 
m length, but as now mounted, 45 feet Pictures of this shark were ex¬ 
hibited and extracts from a letter by the captor read. Dr Smith’s 
remarks were discussed by the chair and by Dr. Gill 

REGULAR PROGRAM t 

The renuirkable extinct fauna of aouthem California revealed tn the 
aephaU depoeiie near Los Angeles Dr C Hart Mbrriam 

The asphalt in this region was known to the Indians for centuries 
and was mentioned by the early Spanish padres Altho remains of 
animals m the asplialt deposits have been known since about the middle 
of the last century, they have only lately been extensively studied by 
Dr J C Mcmam of the University of C^fomia The viscous asphalt 
appears to have acted as a natural trap, hrst entangling certain birds 
and mammals, which mtum served as bait to larger predatory forms 
The remains may bo roughly divided into three noups (1) Birds, 
some still existing, but mostly extinct, among them, hawks, eight genera 
of eagles, vultures, including both North and South American condors, 
a condorltke bird, Teraiamt^ of huge size, owls, ravens, borons, a pea¬ 
cock, (2) Small mammals, as spormophiles, kangaroorats, etc , And small 
carnivorous forms as weasels, skunks, badgers, bobcats, grey foxes; 
(3) liargo mammals, as dec*r, antelopes, buffaloes, elephanto, mastodons, 
l^yptodons, and large predatory forms as wolves, mountain lions giant 
lions, sabertoothed tigers, and bears OfU-n several mdividuals of car¬ 
nivorous forms, as giant wolves, sabertoothed tigers are associated with 
a single large nunmant Discussed by Messrs. Gill, Hay and others 
Notes on the big bears of North America Dr C. Hart Merriam. The 
speaker commented on the lack of adequate material for a systematic 
study of thebe boars The black bear and allied forms he regarded as 
constituting a distinct genus from the brown andgnizly bears belongmg 
to the genus Ursus, alraut forty forms of which could be recognized as 
inhabiting the North American continent and adjacent islands 

Distribution of game animals tn Africa: Edmund Heller Mr. 
Heller spoke of the life zones and areas of East Africa illustrating the 
subject with maps, views of topography, and characteristic mammals 
The following areas, based upon watersheds, were recognized 

West Nile, East Nile, Uganda, East Africa, Abyssinia, and these life 
zones Congo Forest, Tropical, Nyika, Highlwd Veldt, Highland 
Forest 

M W Lyon, Jb , Recording Secretary^ pro fem 
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CHEMISTRY The electrolytic reduction of iron for analysis 
J C HosTETToa Geophjrsical I aboratory ( ommuiucated 
byA L Day 

In the view of the ea^e with which reductions can be earned 
out electrolytically it is surprising that this subject should have 
been so neglected in the held of analjdieal chemistry 1 he electro 
lytic reduction of iron for subsequent titration seems to have 
attracted Uttle attention ' With other ends in view, ferric salts 
have often been reduced by this means 
This method has been investigated to some extent by the wnter 
for the specific purpose of subsequent titration and has been em¬ 
ployed by him at intervals during the past year Smee the method 
18 entirely practicable and occasionally very desirable, it may not 
be amiss to call attention to the conditions to be controlled when 
this method is used for analytical purposes and to indicate the 
d^ree of accuracy of which it is capable 
The optimum conditions for complete reduction are primarily 
those which lessen the formation of oxidizmg compounds by the 
current The most suitable electrolyte for this particular prob¬ 
lem 18 dilute sulfuric acid The temperature during electrolysis 
should be above 60'*C and the current density low These con¬ 
ditions* are unfavorable to the formation of both hydrogen per- 

^ The only work hitherto undertaken from thiH viewpoint which has come to 
the attention of the writer la a paper offered by II C Allen at the Rochester 
meeting of the American Chemical l^iety (Sept 1013) The paper was read by 
title only and appear* not to have been published 

* For disousaion of these oonditiona see Qmelm-Kraut Handb d aoorg Ch 
7thAuf ,Bd I,Abt 1,128 568 
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S ‘de and pmulfuno acid. The amount of peroxide formed at 
I cathode by the action of nascent hydrogen on oxygen diffusing 
from the anode depends partly on the cathode material.* Thus 
Pd, under given conditions, yields most hydrogen peroxide, Pt, 
and Hg come next, while metak, which do not readily absorb 
hydrogen, as Au, Ag, Zn, Cu and Pb yield but very httle. With 
oxidizable aiK^es, such as Mg, Zn, etc., hydrogen is the sole 
product of the anode/ In the presence of ferrous sulfate, however, 
the amount of hydrogen peroxide formed in the cathode chamber 
must necessarily be low. With the reducing action of the current 
any pieroxide would oxidize the ferrous sulfate to feme and this, 
in turn, would be reduced by the current. This was tested out 
experimentally with 1 mg. of iron present and found to be true. 
Therefore, the time of electrolysis after complete reduction can 
produce no excess consumption of permanganate due to peroxide 
formation. 

Considenng the above facts, it was decided to use a gold dish 
of 800 CO. capacity as cathode (effective surface, 200 sq. cm.). 
Inasmuch as soluble anodes yield no oxidising materials in the 
solution, Mg and amalgamated Zn anodes were first employed. 
By this means, the reduction is made very rapid and the use of 
a porous cell around the anode is dispensed with. Since, however, 
it 18 difiioult to obtain these metals free from unpurity, such as 
iron—thus mtroduoing a correction—the use of soluble anodes 
was abandoned and a Ft anode with porous cell substituted. 

The use of a porous cell as an anode chamber introduces two 
sources of error. (1) The absorption of iron salt by the cell itself, 
(2) diffusion of iron mto the anode chamber where it is immedi¬ 
ately oxidized The first is probably ne^gible smee the cell 
''seasons" rapidly. The second is made n^ligible m the follow¬ 
ing manner. When the reduction is complete m the cathode 
chamber—as shown by test for ferric iron with thiocyanate—^the 
current is stopped, the contents of the anode chamber poured 
mto the cathode chamber and, after filhng the Miode chamber 
with fresh acid, the current is allowed to run some 6 to 10 mmutes 

* M. Traube, Ber U 2434. 1882 

«Cf ElaasMT, Ber , » 1818. 1876; U: 887 1878 
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longer ujxtil the laet of the iron is reduced. In this manner, th^ 
iron left in the anode chamber at the end of the electrolysis is 
reduced to 0.1 to 0.3 mg. A siphon connecting the two chambers 
was also employed to lessen this diffusion. The large currents, 
however, caused so much heading m the siphon tube that its um 
was abandoned m favor of the above scheme. 

Of the materials tested for suitabihty as porous .cells, the \m- 
g^ed Marquardt porcelain crucibles (20 cc.) seem to answer 
beet. To keep spray from the anode out of the cathode chamber. 


TABLE I 

Febrous Ammonium Hulbatb 



oftAMB KHnOi lOLif (0 1 N) 

AMOOIfT or SAU 

tirmAfSO DIUOTLT 

U1IUC9D aLBCnOLTnCAUiT 
kmm OiXiOATioir 

aooomg 

89 03 

80 43 \ 

3000 mg 

89 44 

80 40 

3000 mg 

80 47 



. TABLE II 

Elsctiolytic Reduction or Ferric Ammonium Sulfate Solution 


FwPBaUHT 

vxMB or u- 
sDcnoii 

VOUSi 

AlirBBW 

Tm ur AKOOI 
aUMBU 

FIBIV 1 OKAM 
•oLimoir 

670 mg 

780 min 


036-86 

0 20 mg 

0 oosaos 

670 mg 

70 mm 

60-70 

80-100 

0 11 mg 

0 005006 

670 mg 

109 min 

4S-90 

4 8-100 

0 22 mg 

0 005090 

160 mg 

00 min 

65-100 

8 

0 16 mg 

0 005700 

670 mg 


Reduction with Zinc 


0 005702 

670 mg 





0 006005 

670 mg 


Reduction with SOi 


0 005684 


the top of the crucible is covered with a funnel of the same dia^ 
meter. The anode lead is brought down thru the stem. The 
funnel is clamped over the crucible with a frame of glass rod, 
tension is secured with rubber bands. Oxygen escapes thru a 
lateral hole in the funnel stem. The anode is of Pt foil with an 
effective area of some 28 sq. cm. 

The Method. The feiric (sulfate) solution (volume 300 cc.) is 
placed in the gold diidi (cathode) and 10 cc. sulfuric acid (1.84) 
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added. The anode chamber in filled with aoid (1 ‘ 30), the anode* 
inserted and electrolysis started. The temperature is raised to 
80°C. The current employed is about 8 amperes, while the volt¬ 
age drop across the cell is 8 volts. Under these conditions 0.6 
^am iron is reduced to the ferrous condition in 60 to 70 minutes. 
After a drop test with thiocyanate shows that reduotion in the 
cathode chamber is complete, the current is stopped, the anode 
chamber acid is added to the mam solution and, after refilling the 
anode cnamber, the electrolysis is continued 10 mmutes. At the 
end of this tune the cathode liquid is titrated with permanganate. 

It will be seen that the method as earned out is not particularly 
rapid On the'other hand its favorable features are* (1) nothing 
IS mtroduced mto the solution that may carry impurity, and (2) 
conditions need be defined only within wide limits. The accuracy 
of the method can only be determined by more exteniuve compari¬ 
son with reductions by other methods The precision attainable 
under the best conditions is shown m Table 1 and II. Under 
ordinary conditions a precision of better than 1 part m 200 or 
300 can not be expect^ until after the method has been more 
completely developed. 

HELMINTHOLOGY —New nematode genera found inhabiting 
fresh water and non-brackish soils. N A Cobb, Bureau 
of Plant Industry. Commumcated by Walter T Swingle. 

The following pages give the characters of twenty-six proposed 
new nematode genera, as well as those of a type species for 
each genus. 

Seventy-three per cent of these genera are found in arable 
soils m vanouB parts of the world. Nearly half of them have 
come to hght thru a study of the soils of the .\rlington Farm of 
the United States Department of Agriculture, located on the 
Potomac Biver, in Alexandria County, Virginia, directly oppo¬ 
site Washington, D. C. In the following pages wherever the 
word ‘‘Arlington” is used, it refers exclusively to this farm. As 
this farm is close tb the District of Columbia, and its soils mmilar 
to those of the Distnet, it may be assumed that all the species 
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found Bt Arlington ooour in the Dustriot of Columbia, and prob¬ 
ably also in adjacent parts of Maryland and Virginia. 

Nine-tenths of the proposed genera are due to the disooveiy 
of new forms, the otliers are proposed on the basis of later m- 
vestigations of species earlier made known, and ateigned, with 
some doubt, to existmg genera. A number of the genera are 
known to the writer to contain numerous species, and in such 
cases it has been possible to select as a type species one already 
known to be thoroly representative of a well defined generic group 
Most of these genera are mjunous to vegetation, and many 
of them contain species that are very abundant and widespread 
The morphology, physiology, hfe-history, distnbution and eco¬ 
nomic relationships of the species belongu^ to these genera will 
be treated in a separate publication. % 

The following diagram illustrates the nature of the formula 
used m the tabulation of the various necessary measurements 



Fig 1 DiBgram of the deernptive decimal formula used for nematodca, 6, 7, H, 
10, 6 aro the tranavenr meaaurumenta, while 7, 14, 28, SO, 88 arc the correpond- 
mg longitudinal measurements The formula in this case is 

7 14 28 60 88 
S 7 8 10 6 


The umt of measurement is the hundredth part of the length 
of the body, whatever that may be The measurements become, 
therefore, percentages of the length. The absolute length is 
given in millimeters as a final non-paired term. 

The measurements are taken with the animal viewed in profile, 
the first are taken at the base of the pharynx, the second at the 
nerve-ring, the third at the cardiac constriction or end of the 
neck, the fourth at the vulva in females and at the middle (M) 
m males, the fifth at the anus. . 

Owing to the fact that the measurements ^uy somewhat wi^ 
var3dng technique, a brief note as to the method of fixation ^d 
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gr ip.gmgfii 

Ska fellovlat aksimotara art aoMM to oil knood tpoolof tbooo tooatr 

•lx vropoMl MV toaon pMryw proaont all knooa Mloa hava tvo aqoal aplaula. 
M taffMi amoft la sat^Mokna SlB\niair*tr ABl M apt apota 


Dm imp SZffB AS aSTAt m aplniiarat qalto nokoA fSM I A SJ JUS 

flMar toUMd at taaa l ^ of bodp lanfthflxo IM) ao 

Pav^lMU^*aiVki4a aUnupfoni Hi paolllata Tot-aaa— ilpfllRU 

Oaaal filoMkold *‘spaar 6 of body Ingth in Xtttl 


Oophalla aatao fonr atrlao ooaraa raaatto praioat 
Baraa bom akin aroofod laBitbalaa. jw lipa 
loraa rlblaaa akin not Aroorad 11 m 8 f 

Oaptollo aatao non# ranatta praaant dooktfial in 6AT 
■trlao bato.ratrorio oaaopkMoal balba faint d 

•trUa finaior aona in a) baa oaaaphMaal owaUlBiB 
load aoMohat baaklika llplaaa ranatta praaant d 

■and an aaoal not baaklilra ranattaCporalpraaant 

. dt V 

9 


AmnoHoa 

SUTYiaOHDS 


9 IOTA 4 

9 nUBOHOHHTfltCHUS 5 


kips papiUato apaar dlffnaa, axphlia alltltka dt 9 ASCBIOBCHUS 4 

Lip raflan halndkad apaar obHoaa no hm ar lijiTlM ^ 9 MEHOSCHUS t 

fMU pyia aiphidf atlmMomiankMiaB la Mil) ao ranattadaa ta 8) _ 

Onaal fjlaaaholdi atrlao aoarat lIplaM baraa rlbbad d 9 isOtfCHUS 8 

•anal Porplalnold atriaa flaaCor 0) llpa diOln 14) bl paplllata 
Vaatlbola broad apaar aMa oTliBArald 
Lip ration dlaoeld nol^PipaDdad 9 

lip ration not dlaoeldwith f anal paplllaa alda aida 
Labial riba onlfon net gronpad.llpo nnltad a *9^ 

Labial riba In iraapa lipa dlatiMt 9 

Sbatibula nail or nano 

Lip ration protradabla d* 9 

Lip ration not protradabla 
^aar aonold abort taotb^a 

_ VMif di|p9ar rarf lent 40S of nodk naxibl# "d 9 

MOm WXtftOOT ifKlR ttriatadTlxa 6484) Ublata(Ma Xl) 
tfaUXfiSJUUl vltb a tooth eonold or prraalAalltia 14) 

Saotb apaarliko no ranatta or aalanarat no aataafixo 1841T) 

AllMatary oanal Lorplalaold ^llpa bl paplllata 
Allaontarar oaaal Tylaaobeld *liaa aano paplllata 9 

Saotb not apaarliko oboonra la 16 
•trlao raaolvabia into alantata 

Ooaopbafna balbad baa aatao aplnaarat 4 ranatta 9 

Oaaophataa plain no aatao or roMtta 9 

•trlao not fartbar raaolvabia aplnaarat praaant lipa paplllata 
Oapbalio aatao tan ranatta onknovn 
•apballo aatao nona 

Llpo bl paplllata anpbldi atirmpfom no ranatta 9 

_ Lipa net bl paplllata nnpbtda olllptloal.iio ranatta 9 

mnm aBUM prIneUdio *0M9) 

•oOk Sbabdltold 1 a with nadlan 4 oardUo bulba 
laaotto proiont dltiari on Hd ao apinnorot d 9 

•aantta ankaova no ditfora apinnorot pranont d 9 

Book Mt Xbabditold fao natlaa bulb) 
l^^tb anptr axponalona or bladdtra baa ranatta 9 

Baod wltbont obltlnoaa bladdara 
Aaphldo non# akin not otrlatad ranatta anknoaB 9 
Aaphlds and aplnnarot praaant fino atriaa or nona 
Cartlao bnlb praaant o^pbldo not aplral baa ranatta 9 
Cardlao bolb nona or rodlnonttry 

Anpblda aplral ranatta praaont lipa • faint,flat 9 

.---, ..mI*# eoMU t 


mscoLAiiros p 

ACTIlOLADtn 10 
AHTUOLAIIVS H 

PORTLAIMELLUS If 

HYGOLAtniS 18 
TRTCHODORA 14 


PYG0IA1)IU3 18 
AJtO 20PC US 6 


ACRJK»ULOItA 14 
CRYPTONCHUS U 

■unOSCHUS IT 

OZOirCHUS 18 
UD0SCHL8 19 


tnPLOVAPTER to 

HALIFLR TU9 » 
WILSOBEXA tf 
CmmOlMM 9 18 
OBROkO ASrSB 84 


Anpbldi trannv allta no ranatta iipa 


AROPCRUS MB 
TRISCnzSTOkA 84 


M^hana otthoat Wba. poatarlar portion nuab tba widar intaotina vlth • 
f^otlnet abort oagMat la front of tba raatna tba pro raoton 
Oaaeptaofat with aadUa and vlth oordUe balba inUattna witboat pro raetu 


8 erarlaa tvo and rafioKod 
9 orarlat tvo and etttat||^bad 
*8 .ovary alngU in front 4 ratlmd 


8 ovary aianla in front 4 ootatratBliod# 
d- ttatao too and oatotrotobod 
d toatio aiatlo la front4 oatatrotdM 
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Mwumiou or imitY no nr arnns 
oiiwoaD *s nna u oomotioa with tb nBooiao nw odeml 


07 I ndrlcuf 
r&dlelcQlus 


MEW aucui 

StrlaA eoe br laaa.COBtOUr OTCMt* OT Mmta bM6 rOUDd«6 

nCtf^SfTorlinrTt'MU ntTcr losiBg tiM apnr rf 9 A. docallna^tn* > 

lilp nflon fl««4 BKl* loilng tb« apur at final aoult 4 9 I eqaivaoBoa 4 
atylBB ^no-».or none pUla (Bm 1A) oMtenr antlraftxo til 

Mian talb I wt4a aa naek Poat bnlb alon^atad pprlfon 4 p- r 07I ndrlcua t 
Mian I alda aa nack Indaflalta Hd oontlnaona^^ I radieicoiua > 

fora of tall aoM^hat hoaiaphorold 

Hoad oxpandod araorod vitk atronf ohltlBoaa fraaavork 0 P 4«l«atua f 

Foad not araorad oontinnoaa 

Poat half oaaophafua oyllndrleal 3/ft «tda aa nock a 0 obtu ui 1* 

Poat part oaaophagaa alavata hardly half aa «ldo aa Ik ^ a T obtuas 14 

Tall rort or eaa oonold.kond oentinaoaa llpa eftto aot off 
Caaold no part oyliMroid not aeuta fSzo 9 a of 10) 
forainud ill|hfiy awoiian head rounded llpa not aat off 

Caph aotaa O.llpa faint 6(7) aplnnarat conoid obtuao 0 tonulcaudatua 

Caph aotaa 61 ) aubcoph 4 llpa baia with taralnal flft^a 9 T polluoida 

Taralnoa no aaollan rounded(Bzo Bl fit) sd rounded 1 bo a 11 ift) 

Derail poraa throuphout the body llpa aat off In ll only 
Porta In lateral reva of about 100 tall oonvea eonold 0 A tr rcetua 

Porea In aabaadlai roan of about 140 tall eonold 4 ~ ^ H polljoidua fl 
Dtraal poree none 

Head with althar aotaa or olaborato apptndagoa 
Appendatea 4 alondor aotaa i Iona aa head la wide 0 C grao lla f4 

Appendagea alaborata doraal * rantrnl doubla "oeabo* 0 w capltatua tt 

Haod nakad known d a with aupploaentaij organa 
Caphalle paplllaa A llpa net aat off by oonatriotion 
Tooth nlnuto at baaa of tubnlar pharyn tail eonold 9 r rudan 

feoth protrudatalo.lta apophyaoa bnlbod tall oonr ooneld a x Borolvjtana A 
Oephallo paolllaa IP aiapnlda rery near lip region 
^blal region dlaoold aot off by deep eenatrletlon 9 p texanua * 

Ublal ration net diaeeld 
Llpa A region aot off by a diatlnot oenatrtrtlen 
Oooophagua with awall bulb near apaar tall oenold d* 9 D Iralnlarrao U 
OeaophaguB atrlotly Dorylal'ooid tail cont conoid y Japonlono 1-3 

Llpa 0 ragloa not aat off by dlatlnet oonatrlotton 
Pbryra a A ribbed eup auppieaentary OTga^^kaolelet 49 A radlatna 10 
Fhar^ a tabular apaar guide " not * ,r- e x aMrioanta I 

Conoid then crllndrold. hood rounded 
deaopBagua plain apirai awpha opp baao of pnarynx 4 tall aotlforouo 
Sotao 10 i long aa lU la wide d aupplaaontary organa 0 9 g granuloaua AT 

Sotao 4 A long aa Rd la wide auppleiBeBtary orga tubular y 9 a ■enhyatern >0 
Oaaophagaa bulbed awphlda elllptloal tall naked e u tenu eaudatua 1* 


obtu un 10 
obtuas 14 


A tr rcetua 
H polljoldua n 


grao lla *4 


^ rudan 14 
porplejtana A 


IrglnlanuD U 
B Japonlona 1-0 

A radlatna 10 
X aMrloaim 1 


The following prtvloualy deaoribed apooiea are propoaod aa typo apooiaa for four 
BOW gonara Thaaa four aptoloa were flrat dlaooTorod and daaorlbad by the writer 
and aaalgnad doubtfully to exlotlng genera later laToatlgatlona render tt ad 
Tlanbla to propeaa now ganara for thalr reception an followa —^ 


Old naM 

Literature citation 

Vaw nano here ooslfned 


Cobb Balia* WMorl.l 


1 Aalolalwua aallit Cobb 

Teluwe Sydney 1693 

OyrinolalBua axilla (Cobb) 

g Chrowadern BlDlBa " 


Aohromdera BlnlBa 

3 Rhabditli ooroiuta 

m 

D^loaoaptor coronate * 

4 Tylanohaa aatlfarua 

Agr Alette H S W 1893 

Gutylanchua aatlfonia 
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preservation is inserted near tbe end of each description. In 
most cases the formulae given represent an average derived from 
the measurement of several adult individuals. 

By the use of suggestive conventional signs the formula is 
made to convey considerable additional information. Thus the 
foUowmg formula 


indicates that* 

The cuticle is traversed by rather coarse transverse stnae/ 
which are resolvable into rows of dot-Uke markings,* and is 
traversed longitudinally by wmgs,—one on each side of either 
lateral Ime.* The head bears lips, each of which is armed with 
two papillae There are ten cephalic setae,—two of unequal 
size on each submedian line, and one on each lateral Ime. The 
tubular pharynx is armod with a spear, which is bulbous at 
the base. Spiral amphids are present* The excretory pore 
is located just in front of the nerve-nng * The oesophagus 
bears two bulbs a median bulb half as wide as the corre¬ 
sponding portion of the neck, and a cardiac bulb well filling the 
base of the neck * The tail end is armed with caudal glands,^ 
The two ovaries are outstretched in opposite directions and 
occupy 35 per cent of the length of the body * 


1 Xlpblnenui amerlcuium, n g , n sp 


c—s 


!?•« 

11 : 1 , 


- 1*.4 

1.9 

6.9 

1.6 


16 S 

■. 

IS.t 

l.T 



^ 97 9 M, m. 

1.9 1.8 


Papillae minute. Antenor three- 
fourtha of the opear about as 
thick as outiolo, posterior two- 
fifths twioe aa thick Spear bulb 
about one-fourth as wide as neck. 


^ Formula line of coarse dots Fine dots mean fine striae, plam ImOi no striae 

* Dots above and below formula Ime between 2nd and 3rd tcnns 

* Short Uqqb above and below formula Une between 2nd and 8rd terms 

* Indicated in oonvontional akeleh at left of formula 
■ Oblique line in front of nerve-nng moasuranent 

* Undersconng the 2nd and 3rd diametral measurementa, thus indicating the 
presence of a bulb at that point Length of mark indicates sue of bulb 

' Mark at nght hand end of formula line 

* Dashes before and after 50, and 35 used as *'eiponent 

\ Nora Absence of uiy particular mark indicatee the absence of that particular 
feature, so far as at prewnt known 
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Anterior three-fifths of the oesopliagus tubular, coiled, unooiling when 
spear is thrust out, posterior two-fifths half os wide as the neck Ventral 
row of about seven innervated, slightly elovatcMl supplementary organs occupy¬ 
ing a space about four tunes os long os tho tad Spicula arouatc, rather stout, 
swollen in the middle, tapenng both ways, proximal ends hardly eephalatod 
Accessory pieces present Flemming to glycerine The measurements in par¬ 
entheses are taken at the base of the spear 

Habitat, distribution About the roots of a variety of plants,—corn, grass, 
citrus trees, on the Atlantic and Pacific slopes of the United States 

Genus represented m many parts of the world Known to the writer from 
North and ^uth Amenoa, Europe, Asia, and Oceaniea There are b^ond doubt 
dosens of species, possibly hundreds Form usually more slender than in Dory- 
laxmuB 

2 Atylenchus decalliieatas, n g, n sp 

Stnae about 200, interrupted by 
•6 ten longitudinal grooves Setae 
^ ' near the margin of the head, 

C- M -Is -%■ slender, spreading, nearly as long 

as the head is wide Spear acute, 
shaft half as wide as the adjacent annulcs, its bulb twice as wide Median bulb 
ellipsoidal, half as wide as the neck with small valve, posterior swelling 
oblong, h a lf as wide as tho neck, without valve No supplementary organs 
or special male papillae or setae Spioula arcuate, one and one-third times 
as long as the anal body diameter, tapermg, oonstnoted slightly at the 
proximal end Hot sublimate to balsam 

Habitat, distnbution On roots of cranberries {Oxycoocua macrocarpua), 
Cranberry bog, New Lisbon, New Jersey, Atwood Grove, Fla 

3. Butjlsnchas n. g. sotlferus (Cobb) n Comb 

E— W- 4;* •t H. Amphids unknown Caudal glands 

’ * probably absent Supplementary 

organs absent Other characters as given in tho original desonption of the 
species (Agricultural Qaiette of Now South Wales, Vol IV, Part 10, Ort, 1803 ) 
Measured fresh 

Habitat, distribution Qenus hero established for the reception of tho writer’s 
Tylenekua aatiferua, found about the roots of plants in Northern New South 
Wales, Australia Tylanckua aetiferua, Cobb, thus becomes the wnter’s Eulylen- 
chua utxferua 

4 Iota squamosa, n g, n sp 

^ Stnae about 160, each subdivided, 

C—It! ‘tf'.l-and consisting of eij^t squamules 
* ' * Spear one-third as wide as one 

ly .s annules, postenor foui;bh 

* ' twice as wide, bulbous base one- 

third as wide as the neck Tail convex-conoid, of nine annules Vulva between 
the twelfth and thirteenth annules No male supplementary organs or pap¬ 
illae Spioula twice as long as the anal body-diameter, slender, tapenng, acute, 
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proximal third a little wider and uniform. Flemming to glyoerme. The nieaa- 
urenwnta in parentfaeees are taken at the bate of the spear. 

Habitat; dutnbution Boots of Mango^ Bangalore, India. The genua Jofa 
IS widespread in aoid soils, swamps, bogs, etc , and doubtless oontalna many 
speoiea, a number of which are known to the writer from vanous parts of the 
United States, Europe, Australia and Ooeanioa The males, in some species at 
least, at the ^al moult, become much longer and slenderer, and lose the oral 
spear. Many spooics only about 0 5 mm long, relatively vccy wide and infleix- 
ible, with coarse retrorse annulee 

6 TylsnchorfayAchua cyllndrlcus, n g , n sp. 

^ Wings indicated by two longi- 

*S^r ^ tudinal lines Head with 

minute six-nbbed, ohitmous, 
*I.B yrilowlah framework with in* 

diatinot posterior equatorial 
band Spear minute, barely knobbed at base* Median bulb prolate, half as 
wide as the neck with an obscure elongated valve, cardiac swelling pynform, 
three-fourths as wide as the neck Ebcoretory pore—uncertain Hot sublimate to 
balsam 

Habitat; distnbution A sln^c species frmn the soil of reolaimed coastal 
swamp lands, Southern California 

6 Arehlonchna perplexaas, n g , a sp. 

Papillae marginal, spreading 
ft » i'm ifjji——114- -• wi* Amphida transverse, half as long 
la •• '<■ <2 » the liMd » mde. Fbumi 

■ c- l: l I ' i - n; . - t i twice as deep as head is wide, 

surrounded by distinct, massiv^ 
muscular sac, set off from the oesophagus by a eonstnotion Spear tootb- 
like at the end of large, tubular-apophysis, which is prommently expanded at its 
base Tooth and apophysis thrust forward together Oesophagus tubular, one- 
fourth as wide as the neck, widening gradually in the postenor third to hjJf as 
wide as the neck Oesophageal tube not passing thro^h the tooth Intestme 
joining the middle of the posterior surface of the oesophageal swelling Supple- 
mentasry organs two, one in front of the other, mammiform, opposite the posterior 
h^f of the spicula Spioula one and one-half times as long as the anal body diam¬ 
eter, tapenng slightly, rather blunt, proximal ends oephalated by eonstnotion. 
Flemming to glyoenne Resembles Chiu4mmu$, Cobb 

Habitat, distnbution This species from the roots of pasture plants, Arhng- 
ton, oitnis roots, Valencia, Spam. A wideqircad genus. 

7 Kemonchns gsleatna, n g, n sp. 

Lips connate, amphids unknown. 
i.B mM Spear relatiWy massive, four 
times as long as the bead u 
tiJ wide, antenor portion about 

one-Bixth as wide as the head, 
somewhat more distmotly ohitinised than posterior two-fifths which is twice 
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M wide. Bulb of ipear two-flftha as wide ea the oorreap 
neok. Median bulb ellipeoidal, twcnthirds as wide aa the donved from a 
tary organs or special male papillae Spioula about three U Cuticle thicker 
anal body diameter extending nearly straight forward^ but'^afi wide as the 
and tapenng in the distal third to the blunt, somewhat cephaluted tiV^i conical, 
two-thirds uniform, one-fOurth as wide as the corresponding port! oesoph-ti 
body Flemming to ^ycerme ^enne 

Habitat, distribution A smi^e species from Arlington kyo, 


8. laoncliiu radicteolns, n g , n sp 


Wing single Spear simple, ^ 

il! LJ"'" nnief with double guide, some- 

what wider than one of the 
l*e ftJ ^ **adjacent annulee Prolate me¬ 

dian bulb, two-thirds as wide as 
the neok Posterior swelling fully half as wide as neok, ending indefi¬ 
nitely No male supplementary organs or papillae Spicula tapenng, one 
and one-half times as long as the anal body diameter, proximal ends oephalated 
by oonstnotion Aocessory pieoe parallel, half aa long Buna extending from 
oppoaite the proximal ends of the spicula to terminus, one nb bar^y m front 
of the anus, four others together toward the terminus, all smaller, oepeoially the 
final Female tail with two terminal umervations Bursa with nba more numer¬ 
ous and more strongly developed than m Tyknehua Flemming to glycenne 
Habitat, distnbution Single speoies from soil about the roots of cotton 
plants, Spnngfisld, South Carolina 


9 DlseoUdmus tszanus, n g , n sp 

.■ su S4-1 '41^ 9T • 1,8 M. connate, palmately innervated, 

^^^1*4 sis s! s.s 1.9 * * margin orenate Papillae several to 

eaeh hp. Amphida half as wido aa the corresponding part of the head, appar¬ 
ently eonnneoted with lateral senes of spaced ellipsoidal internal structures 
extending from end to end of the body Spear tapering, rather stout, about 
as long as the hp region is wide, with smglo giuding-nng Posterior three-fifths 
of the oesophagus, two-thxrds as wide as the neok, lining very distinct All the 
characters of DorykttmtM, but with the bp-region strongly modified to form a 
mobile sucking disk for use in opposition to the spear Flemming to glycerine 
Habitat; distribution. The present speoiee from the roots of alfalfa, San 
Antonio, Texas, and from roots of citrus treee, lUverside, California Wide¬ 
spread genus, known to the writer from the West Indies, Texas, California, Japan 
and Europe 


10 ActliioUlmni radiatus, n g, n sp 

Amphids abgut one-third as wide 
G-o :t i:i ^ S.9 mm la the head Pharynx as deep as 

head is wide, Imed with six radia- 

S; - 4) li ■ "f; -tmg grooved, strong, chitinoue nbs 

Mouth opening circular, half aa 
wide as tha bead, very finely corrugated, leading to the cup-shaped pharynx 
Spear saoiewhat longer thim the head is wide, ono^th as wide as the head, with 
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proxinul third a bttL^ O^ophagua widening oonaidmibly m front of 

urementa in parentb^'^^ wid® as the neek Fint faaciole of nine nipple- 
Habitni twice as far in front of the anus as the proximal ends 

IS wideoprea,' fascicle of about five, about twice as far from the anus as 

cl fascicle of two still farther forward, the larger fascicles one-fourth 
the body is wide Spioula family constricted m the middle, taper- 
least ^ cephalated, twice as long as the anal body diameter 

^ing to glycerine 

^^l^ibitat, distribution Roots of plants and among algae, Potomac River and 
anks, Arlington } arm near Washington, D C , Douglas Lake, Mioh Genus 
presented in all parts of the world and proposed for the reception of species 
similar to the writer's Dorylmmw labynrUhoBiomta, in which the pharyrfc is more 
or less immobile, radially stnated and elaborately oonstnioted Dorylatmtu 
labynnihoBtomiu, Cobb, thus becomes Ac/tnofatmus /ahyrtfUAos^omtM (Cobb) 


11 Antfaolalmns troncatus, n g, n sp 

^ angular Amphids unknown 

t. X B 8(0 4^1 as t.e • Spear small, nearly as long as the 

Up region is wide Pharynx oup-ahaped, then flttmg the spear Oesophagus very 
narrow, very suddenly enlarging a little in front of the middle to three-fourths 
the width of the neck lining unusually massive Chain of contiguous circular 
organs throughout the length of the body in the lateral fields, one-fourth to 
one-third as wide as the body Gharac ters of Z)orylatmus but with the lips 
petaloid and strongly developed and specially modified and mobile Flemming 
to glycerine 

Habitat, distribution A single species from the roots of cotton plants, South 
Carolina 


12 l>orylaimsllus vlrglnianua, n g , n sp 

• Head set off by a narrow oon- 

C»c -*f ;5 - 'Py - stnotion Lips connate, rounded, 

A A mA % -M- one set of papillae near the mouth 

-f;!-—*f-j" opening the other on the margin 

of the head Amphids three- 
fourths 08 wide as the head Spear Dorylaimoid, compound, first and 
second sections of equal length, each a little shorter than the head is wide, 
third section a Utile longer, expanded, faintly chitinued, followed by a short 
constriction, and then a rudimentary, elongated, ellipsoidal ooosphageal bulb 
one-third as wide as tho corresponding portion of the neck Posterior half of 
the oesophagus three-fifths as wide as the neck Supplementary organs in is<^ 
lated pairs located oni in front of the other, one pair as far from the anus as u 
the terminus the other twice as far, all flattish-eonoid Spioula as long as the 
anal body diameter, plump strongly tapenng bent at the middle, cephalated by 
expansion, without accessory pieces fletnming to glycerine 
Habitat, distnbution A single species from Arlington 
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13 NytoUimw pAchydermatui^ n g , n up 

JlJ 1.8 * 1 . MeaBurcmcntfl derived from a 

young spocimen Cuticle thicker 
on the tail. Lips connate, set off by oonstnotion Amphuls half aa wide as the 
corresponding part of the head. Spear half aa long aa the head la wide, corneal, 
alender, pointed, tooth-hke, without guidtng-nng Posterior half of the ooaoph-s 
ague enlarged to three-fourtha the width of the neck Flemming to glyoenne 
Habitat, distribution A aingle species from roots of cherry trees, Tokyo, 
Japan Other speoiea occur in Eastern United States 

14 Trichodorua obtusus, n g, n ap 

^ Papillae flattiahnsonoid, outward 

^ pointing, on margin of head 
Amphida nearly half as wide as 
ili (8 " tl Hu Pharynx exceedingly 

narrow Spear flexible, exceed¬ 
ingly slender, inclosed in a long muscular sheath Oesophagus mainly 
narrow and tubular, about one^ixth as wide as the neck Supplementary organa 
three, flattiah-oonoid, distinctly interrupting the ventral contour, the hindermost 
opposite the proximal ends of the spioula, the second twice aa far from the anus 
aa the first, third nearly twice as far from the anus as the second Spicula slender, 
uniform, proximal ends oephalated by expansion Flemming to glycerine The 
measurements in parentheses are taken at the base of the speai 

Habitat, distribution Several species from various parts of the United States, 

the present one from about the roots of grasses, Arlington 

16 Achranadora n g minima (Cobb) 

y Habitat, distnbution Genus pro- 

‘ posed for the reception of the writer's 

Chromadore minima, and similar soil and fresh-water species Distinguuhed 
from Chromadora by the presence of well developed spiral amphids The dor¬ 
sal tooth IS farther back and is opposed by a small ventral pocket" as shown in 
the figure of Chromadara fmntma Measure<l fre^h Spocies found, probably, in 
allpartsof the world Species are known to the writer from Australia, Fiji, and 
vanous parts of the United States 

10 Ciyptonchus nodua, n g , n ap 

r 8»P ^ >1.* Stnae resolvable with difficulty, and 

® lU •• 1*® * into rows of dots Lips six, rather 

inconspicuous, each with one papilla Amphids as wide as pharynx, about ono- 
fourth aa wide as the corresponding portion of the neck, located opposite the 
junction of the first and second quarters of the pharynx Oesophagus plain, 
half gg wide aa neck, lining relatively massive Eggs elongated Hot sublimate 
to balsam and Flemming to glycenue Caudal gland apparently a single cell 
Habitat> distribution Smgle species Differs from Cviindrohiimiw m the 
form of the amphids, and the strongly developed oesophagus with its vanous 
regions, and in the presence of a dorsal tooth at the base of the pharynx and in 
the absence of setae Found about the roots of aquatic plants, Potomao River, 
Arlington and in Douglas Lake, Miob 
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17, Ntiiaoachw cratmlattu, n g, n ap. 

Head oontmuoiu Lupa aiz, thla» 

a.iaai arched over pharynx, eaeh with erne 
4 1.8 8. 8 4 4.8 I.D amphidi of two 

Si! 'Si* 8.4 *!l4 windi, one-fourth aa wide aa the 

^ head Oeaophagoa two-thirda aa wide 

aa the head, finally expanding to two-flftha aa wide aa the baae oi the neck, lining 
very diaiinot ^peoidal, aa long aa the body la wide No aupplementary 

male organa or papillae, about aevan finger^baped ventrally aubmedian aetae on 
the anterior two-thirda of the tail Spicula tapenng, nearly atraight, aomewhat 
longer than the anal body diameter, acocunpamed by a relatively maaaive aceee- 
Bory piece, parallel to and two-thirda aa long aa themaMvea I^al end of ao- 
oeaaory piece expanded laterally, and rdatively maaaive* nemmmg to ^ycenne. 

Habitat, diatnbution A aingle apeeiea found about roota of aquatic planta, 
Potomac River, Arlington Another nxmlar apeciea, Long Key, Fla. 

18 Otonchna obtuaua, n g, n ap 

Neck conoid, oonvex-^onoid at the 
bead Lipa confluent, region low, flat 
Amphida at the alight labial oonatnction, one-fourth aa wide aa the lip region 
Pharynx narrow, cylindroid or priamoid Somewhat arcuate doreol tooth, like 
a abort Dorylaunoid apear, but not hollow Oeaophagua beginning two-flftha aa 
wide aa the head, almoat imperceptibly expanding to the middle, thence cylmdnoal, 
and one-half aa wide aa the neck, three amall organa at baae, aa m Trtlobu$ 
Lining very distinct Peculiar aenea of four small internal lateral organa juat be¬ 
hind the neck Terminua of tail with peculiar large pore, preaumably a peculiar 
apinneret pore Eggs dongated Flemming to glyoenne 

Habitat, distribution About the roota of grass, borders of irngation ditch, 
Jamaica, West Indies 

10 TTdcnchna tenulcaudatua, n g, n ap 

•B ^ labial papillae. Amphida 

. * transverse, dlipaoidal, one-fif^ aa 

ong aa the corresponding diameter of the neck Pharynx cyathiform, then 
narrow, with amall, acute, narrow, forward-pointing dor^ tooth at the baae 
of oyaihifomi portion, opposed by a very mmuto ventral tooth Anterior two- 
flftha of the oesophagus three^tha aa wide aa head, then suddenly slightly 
increasing in diameter, so that at the nerve-nng it is half aa wide aa the neck; 
enlarging finally into a aphenoal bulb with simple valve Thin-ehelled eggs, 
elongated, one at a tune in the uterua Flemming to glyoenne 

Habitat, diatnbution On aquatic planta and among algae, Cockpit Spnngs, 
Jamaica, West Indies 




c-oJ:« 5:r*5'. 


20 Dlplotcipter n g. eoroaata (Cobb^ 

V in 1:1 


Habitat; diatnbutiim Com¬ 
mon about the roots of diseased 
plants, especially m warm ooun- 
*** tnea. Oenua eatabliahed to rer 
oeive the wnter'a 
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eonmata Flemming to p^enne Thie epeoiea oooun in Fiji, Panama, Europe, 
Afnoa, and the United States Foeetbly more than ono aperiee may be repre- 
aoited m the deeonptionB of the vanoue authors who have reported upon A^- 
dxiiU eoronaiOf or, aa now proposed, DiploMcapler ooronata 

21 Ebd^lectoa peUucldus, n g , n sp 

Head end markedly oonvox-oonoid,* 
(sa® J*5 finally truncated, no cephalic se¬ 
es tae Phaiynx apparently absent, 

“i7j really present and narrow Am- 

* phids mroular, ono-third as wide 

as oorreeponding part of neck, located one-third the distance to the median 
bulb Oesophagus one-half as wide as the head, to the relatively small ellip¬ 
soidal median bulb, which is two-fifths as wide as the middle of the neck 
Cardiac bulb oblate, five-sixths aa wide as neck, with rather simple, elongated 
eUipsoidal striated valve Opposite the spioula a vmitral row of six small 
somewhat heimsphenoal, equidistant, contiguous, innervated supplementary 
gans Poet-anal flattish, moonspiouous papillae to the number of about six on 
each side,—two ventrally submedian on the anterior half, and four subventral, 
rather evenly distributed Spicula arcuate, umform, yellowish, one and one- 
fifth times aa long aa the anal body-diameter, proximal ends plain Accessory 
piece yellow, more or leas parallel, half aa long Hot sublimate to balsam 

Habitat, distribution Pound in brackish and sometimes m fresh water in 
the Eastern States Several speoioa found on the Atlantic and Pacific coasts of 
the United States 

22 WUsonema ctphalatom, n g , n sp 

•s Habitat, distribution Genus proposed 

for the reception of species similar to 
PUctui oioph&nu, do Man, Plectu$ aunculatuB, Btitsohli, and Pleetua cephalaiua, 
Cobb Tins genus is doubtless worldwide in its distribution Known to the writer 
from Australia, North Amenoa and Europe flonmmg to glycenne Species 
probably f^ly numerous and individuals of oertam species very widespread 
The^roaent remarkable species is widespread m the United States, in arable 
soils. 

Named in honor of James Wilson, for sixteen years Secretary of Agriculture 
of the United States. 

23 OyniBoUlmiu n g exlUi (Cobb) 

g, Habitat, distribution Genus pro- 

posed for the writer’s Auiolaimut 
mh», from Fiji Differs from Cyhndroknmut in absmoe of amphida, caudal 
glands and cephalic setae Measured fresh 




24 Chronogsiter gracilis, n g,, n sp.* 
c— }:J >IS “« "i.4 


Stnae about 060 Lips three, 
somewhat confluent Amphids 
half as wide as head Pharwn ' 
as deep as the head is wide, 
third as wide as the lip 
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Oesophasiu half as wide os the nook Cardiac mub three-fourths as wide 
as the neok, joined to the intestine by a slender ampulla as long as the neok 
IB wide Eggs elongated one at a time in the uterus Spinneret with about 
four finger-shaped, rather backward pointing setae, each not much longer than 
the width of one of the adjacent annulea Spicula slender, tapenng, acute, barely 
cephalated, one ond one-half times as long as ^e anal body diameter Suppla- 
mentary organs nine oblique tubular, arcuate protrudable, half to four-fifths 
as long as the body is wide occupying a distance twice as great as the length of 
the tail smaller and more amply spaced antmorly, hindermost opposite the 
proximal ends of the spicula Hot sublimate to balsam * 

Habitat, distribution Potomac River, near Washington, D C Douglas 
Lake Muh 

25 Anonchua monohyitera, n g , n sp 

^ Stnae about 000 About forty inter- 

r.^1.4 A SB. nal ellipsoidal bodies in each lat- 

t * * ^ * eral field spaced in two senes 

s rephabc papillae Amphid one- 

fifth as wide as head Pharjmx half 
as wide as head about as deep as wide Oesophagus nearly half as wide as the 
neck joined to the inUstine by a narrow cardia as long ss the neok is wide 
Twenty tubular supplementary organs each one-third as long as the body is 
wide extending from the anus to the middle of the body, and continued to the 
head by a senes of about seventy minute depressions hour to five well devel¬ 
oped ventral, sublateral setae on the tail, one in front of the anus Spicula 
slender, twice as long as the anal body diameter, proximal ends slightly ocphal- 
ated by expansion accompanied by accessory piece near the anus and extending 
inward and slightly backward Hot sublimate to balsam 

Habitat, disinbution Potomac River near Washington, D C Douglas 
Lake, Mich 

20 Trlschlstoma pellucida, n g, n sp 

•s BB. ^tiole naked, plain Head continu¬ 
ous Pharynx unanned Oesopha¬ 
gus twf)-tbirds as wide as neok Cardia rather cylindncal, two-thirds as long 
as the diameter of the neck Toil torminus one-nxth as wide os the base of 
the tail, apiculate by what appears to bo a very minute spinneret Flemming 
to glycennc 

Habitat distribution Roots of sugar cane, Jamaica, West Indies Re¬ 
sembles Tnlobus Bastion There is an European species 


Srraia On p 434 Tnehodara should read Tnchodoruf 
“ “ 435 T obtura should read T obturus 
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Authora of loientifio papera are requeatad to aee that abatraota preferably 
prepared and aigned by tbemaelTea, are forwarded promptly to the editora Eaoh 
of the aeientifio bureaus m Washington has a representatiTo authonaed to for¬ 
ward auoh material to this journal and abatraota of offloial publieationa ahould 
be transmitted thru the representative of the bureau in which they originate 
The abatraota ahould conform in length and geqpral atyle to thoae appearing in 
tbu laaue 

GEOLOGY — Oeciogy and are depoatis of Ihe Park City dialnct, Utah 
John Mason Boutwbll, with contnbution? by Lbstbb Hood 
W ooLSBT U S Geologiral Survey Professional Paper 77 Pp 
231, with maps, views, and sections 1912 
The greatest geologic activity in the Wasatch Mountains took place m 
the middle portion at its junction with the great east-west Uinta Range 
Within this area the most diverse formations are found on a promment 
spur which Attends eastward from the mam divide Extensive and 
irregular intrusion, widespread extrusion, thoro contact metamorphiam, 
persistent and recurrent faulting, and glaciation have produced m a 
comparatively small area highly vaned and complex results At the 
heart of the area, m the focus of these contending factors, have been 
formed the most extensive and nohest ore bodies in the range This 
area is known as the Park City distnet 
The general anticbnal structure of the Paleozoic and Mesozoic beds 
which charactenses the Wasatch as a whole is interrupted in the Park 
City district by a transverse (east-west) anticline or dome Sediments 
ranging from Cambrian to Tertiary here dip quaquaversally from a 
senes of laccolithic masses It is noteworthy that these intrusions have 
taken place along the line of the Uinta axis extended westward The 
doming by these masses athwart the general course of the Wasatch 
naturally raises a query as to similar action in the formation of the 
Umtas pus transverse Wasatch dome and the Uinta dome are sepa¬ 
rated topographically though not structurally by a north-south trough 
Into this, and thus blanketing the surface connection of these structures, 
have flowed extonAve and thick mabses of andesite The Park City 
district 18 traversed diagonally by this axis Here the sediments include 

44fi 
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beds ntoging in age from lower Carboniferous to miaano They have 
been cut, deformed, and altered by a senes of instrusives indud^ the 
highest of the laccolithio masses and the upward cutting stooklike and 
dilfftlilm masses which extend northeastward diagonally across the area 
to the andesite flows which cover the sediments at the northeast These 
sediments nm around the instrusives and dip off from them to the 
northwest north, northeast, east, and southeast 

The sedimentary rooks of the Park City distnot are separable mto six 
divisions The lowest comimseequartatee and hmeetones, each mapped 
separately The quartntes are unfossiliferoos but undoubtedly repre¬ 
sent the Weber quartnte (oi Pennsylvanian age) Some of the lime¬ 
stones, however, are of Pninsylvanian age, and others have yielded 
lower Mississippian (Madison) fossils Overlying the quartnte is the 
Park City formation, consisting of limestone and sandstone The Park 
City formation has not furnished very abundant or well-preserved fos¬ 
sils, but the fauna obtamed from it is characteristic and has provisionally 
been referred to the Permian Next above is the Woodside shale, un- 
foasiMferous in the Park City distnot, but m Idaho it has yielded a fauna 
which IS quite different from that of the Park City formation and closely 
related to that of the overlying Thaynes formation The Tha 3 rne 8 has 
been recognixed in Idaho and Wyoming and mcludes tie well-known 
Meekoceras xone, the typical lower Tnassio of North Amenoa These 
charactenst c cephalop^ have not yet been defimtely recognised m 
the Thaynes formation in this distnot, but Meekoceras types have been 
found at the same honson elsewhere The next formation is the Ankareh 
shale, whose fauna does not differ conspicuously from that of the Thaynes, 
which hee below Overljang the Ankareh slude is the basal part of the 
Nugget sandstone, whose age has not been definitely determined, but is 
either Jurassic or Tnassic and which m the Park Qty distnct is repre¬ 
sented by beds 615 feet thick A few rrules to the northwest of the 
distnet Ihe Nugget sandstone is thicker and is overlam by the Twm 
Creek limestone of Jurassic age 

The ores of the Park City distnct occur as lode deposits and as bedded 
deposits m sedimentary and intrusive country rocks The two tsrpes of 
deposits are commonly assocmted thruout the region, tho some lodes 
and veins occur alone 

The facts indicate that between early Tnasaie and early Tertiary tune 
diontio intrusivea mvaded this area, metamorphosed the sediments, and 
induced the deposition of noh lead*«ilver oree in cea|am members of the 
calcareous formations that after these intrusives had cooled to at least 
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partial tiie oomponta country rook waa broken by peraigtent 

fracturea in northeaaUsouthwest directions; that aqueous solutions of 
alkaline nature and some gases ansmg from the deep-lying, still molten 
portion of the magma transported ore-making elements outward toward 
the surface, that these were deposited, on attaming suitably lower tem¬ 
peratures and pressures, as lead-silver ores with associated copper and 
gold m the form of bedded deposits in limestone and lode deposits in 
Assures, by replacing certain more nearly pure limestone members along 
and adjacent to feeding fissurps and partly by fiUing fissures, portly by 
replacing their walls, that movement recurred along these northeast- 
southwest fissures brecciating and faulting the ore and was followed by 
fracturing m a northwest-southeast direction, and that along the path¬ 
ways thus formed waters descending from the surface have altered the 
superficial portions of the primary sulfide ores to nch oxide and carbon¬ 
ate ores, and that this process is stiU in progress J M B 
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PETROLOGY —Magnetite haaalt from North Park Colorado '■ 
H S Washington and E >S Larsfn Geophysical Labo¬ 
ratory and Geological Survey 

The rock described in this paper was collected by A L Bcekley 
of the United States Geological Survey, to whom the authors 
are indebted for the material and for the description of its occur¬ 
rence The specimen was collected at the top of Pole Mountain 
in North Park, Colorado about three miles southwest of Coal- 
mont The summit of Pole Mountain is a small remnant of the 
Tertiary vokanic rooks which are extensively developed on the 
higher slopes to the south The outcrops are poor and the mate 
rial probably represents a breccia Most of the neighbonng Ter¬ 
tiary volcanic rocks are basaltic but they are nch m soda and 
in them magnetite is not exceptionally high 
The magnetite basalt is black aphamtic and very porous 
m^ascopically it shows no determinable crystals The micro¬ 
scope shows that it is holociystalline and is made up of about 
one-half magnetite, with nearly equal amounts of bytownite and 
pale green augitio pjrroxenc and a tonaller amount of apatite 
The texture is poikibtio euhedral crystals of magnetite are rather 
evenly mcluded in anhetirons of both feldspar and pyroxene 
The rook is apparently perfectly fresh On account of the poros¬ 
ity no detennination of the specific gravity was made 
A ohenuoal analysis was made, using the standard methods 
All of the major constituents, (except the alkahes,) and also 
titanium were determined in duphoate with closely agreeing 

I Publuhed by pemuawon of the fiireotor of the TJ 8 Qeologiool Survey 
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A Magnetite basalt CArspahite) Pole Mountain, North Park, Colorado 
H 8 Washington, analyst 

B Iron ore Elisabethtown Essex County, New York W F Hillebrand 
analyst J F Kemp, 10th Ann Rop 17 8 Q 8,8 408 1800 

C Iron ore Westport Essex County, New York W F Hillebrand, analyst 
J F Kenap, loo nt p 402 

D Iron ore Lincoln Pond, Essex County, New York W F Hillebrand, 
analyst J F Kemp loo cit p 407 

E Magnetite rook Joubrechkine Wichera, North Ural Mountains Duparo 
(7), analyst Duparo and Pearoe, Mem Soo Phys Gen , 86 187 1000 

F Magnetite rock Joubrechkine, Wichera, North Ural Mountains Duparo 
(7), analyst Duparo and Pearce loo oit, p 187 

G Iron ore «Pine Lake, Victoria County, Ontano F J Pope, analyst F 
J Pope Trans Amer Inst Mm Eng, 88 380 1800 

H Iron ore Horton, Renfrew County, Ontano F J Pope, analyst. F J 
Pope, loe cit, p 380 

1 Magnetite spinellite Routivam, Sweden W Petersson, analyst W 
Bstersson, Geol For FOrb , 16 49 1898^ . 

J Iron ore Koruna, Lsipland G N^lom, analyst P Geijer, Geol Kirona 
Distr, lOlO, p. 177. 
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results Titanium was detenmned (in duplicate) by the color- 
imetno method, as its amount was small, the color effect of the 
veiy large amount of iron being removed by the addition of 
phosphono acid, a correspondmg amount being added to the 
standard manganese solution * In a special large portion nickel, 
chromium and vanadium were tested for Not a trace of nickel 
was found with dimethylglyoxime as a reagent A coloration, 
possibly due to chromium, was barely perceptible, e\en when 
the solution was higUy concentrated, atid the amount of this 
cannot be as much as 0 01 per cent, even if present Vanadium 
was determined by Hillebrand’s method and its presence was 
verified after the titration Combmed water was detemuned by 
Penfield's method The amount of ViO^ was subtracted from 
that of PiOi, as it is precipitated and weighed with the phospho- 
molybdate,' if the latter is in sufficient excess This is a point 
to be borne m mmd in the analysis of rooks containing notable 
amounts of vanadium 

The analysis shows some remarkable features and, while nearly 
all its constituents can be matched in the other analyses of iron 
^re rocks denved from igneous magmas, it does not correspond 
in all respects with any of them One of the Adirondack ores 
(B) resembles it must closely It is especially remarkable m the 
very low titanium, the hematite ore of Kiruna alone approaohmg 
it in this respect The phosphorus is notably higher than else¬ 
where, while the absence of mckel and chromium is noteworthy 
The amount of vanadium is about that of most of the Adirondack 
and Ontario ores 

The norm of the Colorado basalt is as follows 
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• Cf W F Hillebrand Bull 423 U S O 8 1910 p 184 

• Cf J R Cun and J C Hoitettor, Teohn Pap. Bur Stand No 8 1013 
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Tbifl places it m the dofemane class and m the domitio order 
(adiFondaokore), but tranbitional to the permitio order, hyper- 
sthene and olivine being very low. It is in the p^rmino rang and 
pcrhemic subrang—a pobition which is briefly expressed by the 
symbol IV.4(5) 1 1 The rang and subrang are as yet unrep¬ 
resented and unnamed The North Park Distnet was occupied 
by the Ute and Arapaho Indians, according to information fuiv 
nished by Mr. W Marr of Hebron, Colorado. As the use of the 
name Ute would suggest a locahty in Utah, it seems to be prefer¬ 
able to name the rang arapahase and the subrang arapahose 
The mode of the rock can be approximately estimated from 
the norm, the corundum, hypcrsthene, olivine and a httle anor- 
thite being assumed to enter the pyroxene The mode would 
then be about as follows 


Bytownite 25 

Augite 15 

Iron orea « « 56 

Apatite 4 


The mode is, therefore, practically normative As remarked 
by Iddings* this is "at present the only known example of ex-* 
truded lava correspondmg to the segregated iron ores.” It may 
be pointed out that nearly all such other iron ore rocks are asso¬ 
ciated with gabbros, those of Kiruna (which are of hematite) 
being derived from syenites, according to Geijer, and those of 
Brasil (of which there are no analyses available) being associated 
with highly sodic, nepheUte-nch rocks. The relations of the 
Colorado rock arc too little known as yet for any discussion of 
its associations. 

While the rock would logically bo called a magnetite basalt, 
on account of its extrusive character and mode, yet it is so 
unique as to occurrence and chemical composition, that a spe¬ 
cial name seems to be justified. For this that of arapakiU is 
suggested. 


4 J P Iddingi, Ipieoui Hooka, S 1^2 1013 



ABSTRACTS 


Authors of scientific papers are requested to see that abatraotSp preferably 
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of the soientific bureaus in Washington has a representative authorised to for¬ 
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PHYSICS —Latent heat of fusion of tee H C Dickinson, D 11 
HARPim, and N. S OhnoRNK Bulletin, Bureau of Htandartls In 
Press 

Of the two expenmontal metho<ls employed, one is the well known 
method of mixtures in which an ice Munfrie of from 100 to 2()0 grams 
weight was allowed to melt m the catonmeter, cooling thv water I'lic* 
other was an electneal inelliod of somewhat higher pn^cision An lei* 
sample 600 grains in weight was put directly into the watei and the 
approximate amount of energy required to melt the ice supplied elec¬ 
trically and meabured, the small exeesb or deficiency being determined 
from the small nbe or fall of temperature of the calorimeter The 
usual calonmetrio cooling correction was thus rendered relatively very 
small and the heat capacity of the calonm('t<»r needed to be known 
only approximatcdy The ice b|H*euiienB used wore from commercial 
plate, can, and natural ice, and from ici* froz<‘n m the laboratory from 
double distilled water both fiee from air, and contaimng air Thej-' 
were cut in the form of hollow cylinders to secure a more uniform rate 
of melting The samples were kept at the uniform tempc'rature of 
either — 0?72 or — 3®78 for beveral hours previous to the expi^nments, 
an<l were so weighed and liandiwl as to intro<luce each into the calo¬ 
rimeter at the selected constant tpinperatun^ with no sigmfioant error 
The heat of fusion of each of 92 samples of purr* ic<* was dc'tenmncd 
by one of the two methods The rosults of the first half of these obser- 
vations, made before the bt'st experimental conditions were secured, 
indicate no differences between thi' heats of fusion of the different 
kinds of ice greater than the limits of precision, that is, about one port 
m a thousand The latter half show no dificrcnce as great as one part 
m five thousand between the commercial kinds of ice The final figure 
for the heat of fusion of pure ice‘is 79 63 calu per gram mabs 

H. C D. 
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GEOLOGY —The enrichment of auJfide one. W H. EShiconb. Bulle¬ 
tin U. S Geological Survey No 529, pp 262 1913 

The theory of sulfide ennehment is stated as follows 

No metalhc sulfide that is long exposed to air and water remains 
unfdtered Iron sulfides, which are present in practically all sulfide 
ores, are changed by weathering to iron oxides, and the changes are 
attended by the literation of sulfunc acid Many of the metab form 
soluble sulfates with sulfunc acid, and when conditions favor their 
migration downward they are earned in solution to depths where air 
is excluded Unoxidized rocks are in general alkahne Aeid solutions 
that encounter such rocks m the regions whd^ air is excluded will lose 
acidity, and as the solutions approach a neutral or alkalmc condition 
some of the quetals they contain are deposited. If the solutions of 
the metallic sulfates enoouidBr metallic sulfidBb m depth precipitation 
may take place, or there may be an interchange between the metals 
in solution as sulfates and^he metallic sulfides Thus as a result of 
precipitation or chemical interchange the metals are rcdeposited and 
certain portions of the ore bodies become enriched 

The elTectb of physical conditions on the process of ennehment are 
discussed and the chemistry of the process is approached from both 
the experimental and the theoretical side, the chemical relations of min¬ 
erals of copper, silver, gold, lead, sme, and iron being discussed in turn 

The literature of the pnncipal deposits of copper, gold, and silver 
sulfide ores in North Amenca is reviewed with special reference to the 
extent, character, and distnbution of the secondary ores m each Of 
copper deposits with deeply ennehed zones none are known to carry 
pyrrhotite or abundant sphalerite The data indicate that, in general, 
ores contaimng abundant pyrrhotite and sphalerite become more 
thoroly oxidized than those containing pynte and chalcopynte without 
pyrrhotite or sphalento, but oxidation and enrichment are not likely 
to extend as deep in pyrrhotite or sphalerite ores 

Many auriferous deposits m the surficial zone appear not to have 
been enriched by secondary agencies, while m others there is no evi¬ 
dence of solution and re-preoipitation oi gold It is concluded that 
the Bolu|wn of gold depends m the main on the presence, simultane¬ 
ously, ofmanganesc and chlorides Its migration depends on the per¬ 
meability of the lodes and the material of the pnmaiy ores. Of the 
common mmerals calcite and pyrrhotite will probably precipitate gold 
from auriferous solutions most rapidly All the districts of silver-gold 
deposits in which gold is assun}^ to^ve migrated include mangan- 
iferous ores In deposits canyii^ both metals, especially where chlor- 
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id«fl form, Becondaiy silver minerals are likely to be precipitated as 
bonansas near the surface, while gold may be earned to greater depths 
Abundant pyrrhotite in the pnmary ore quickly halts the downward 
migration of both silver and gold. Sidney Paiqb. 

GEOLOGY — Kenova, Ky , West Virginia and Ohio, folio W C 
Phauen Geologic Atlas of the Umted States, t'olio 184, page 10, 
with maps and sections, U R Geological Survey 1012 
The rocks exposed include both the igneous and sedimentary classes 
The Igneous rocks are pendotite dikes which cover a small area in the 
western part of the quadrangle and arc of intereht m having been pros¬ 
pected for diamonds Ttie sedimentary rocks lielong m the Carbon¬ 
iferous and Quaternaiy^ystems. The fof^er system includes both the 
Missiseippian and Pennsylvanian senes Xacluded in the Mississippian 
are the Logan Formation and the Maxvillh Limestone. In the Penn¬ 
sylvanian are included the Pottsville, Allegheny, Conemaugh and Mo- 
nongahela formations Pleistocene and Recent deposits constitute the 
Quaternary system 

Tho no part of the quadrangle Ues within the glaciated region, it 
contains deposits of Pleistocene age These aie the low and high level 
river gravels along the Ohio and Kig Randy Rivers and back of the city 
of Ashland, in a district known as the "Flatwoods ” They were formed 
by nvers that abandoned their former courses as a result of the inva¬ 
sion of the neighboring region by ice 
The asymmetry of the drainage is probably dependent both on pres¬ 
ent structure and the character of the rocks wluch are mainly sand¬ 
stones, sandy shales and shales Excepting the shales, the rocks are 
water-bearing and produce many springs The underground currents 
flow more readily with the dip than against it, with the consequent 
tendency for erosion, both surflcial and possibly underground to pro¬ 
ceed up the dip Thus the mam streams of the region tend to lengthen 
those tnbutanes, which, flowing with the dip, erode more rapidly than 
those flowing against it, and consequently to push the divides between 
trunk streams westward on the west ude of the 83 rncbnal axis and east¬ 
ward on the east side of this axis. W C P. 



456 


abbtractb: botany 


nOTANY, —A key to common N^raska ahnUba William H Lamb, 
Forest Service Forest Club Annual, Univoraity of Nebraska 6 . 
1913 

This is a key, based on prominent distinctive characteristics that 
can readily be observed by those who have had no special training 
in botany, and intended as a guide in the identification of the more 
common genera of shrubs and woody vines native and original in 
Nebraska. W. H. L. 

ZOOI/)GY — Deaenphone of twenty new recent unatalked erinotda, belong¬ 
ing to the familieh Antedonidee and Atehanntda, from the Dutch Eaet 
Indies AuhTiN H Clark Notes from the Leyden Museum, 34 
No 2, Note XXV 19|2 * 

The following new species, all collected by the Dutch steamer Rtboga 
in the Dutch East Indies, are herein dosenhed Antedon tnoluccana, 
Compsomeba tni, Compaometra paiviflota, Comparnnetra longtcirra, Comp- 
aomrtra gracihpcs, Indometra (Eumelra) aphrodite, Iridometra gra- 
ctlta, Toroinetra puipurea, Paathyrometra major, Paathyrometra minima, 
Paathyromiba imisitata, Paathyromeba anomala, Nanometra dymene, 
Tnchometia delicafa, Tnihometra brempea, Thaumatometra alcyon, Thavr 
maloinetra thyabe, Atoperinua (a new genus of Atolecrinulie) aiboga, 
AtelecrmuA auUatua and AUlecrintia anomalua A H C 

ENTOMOIjOGY —Piccole note au deglt Onychophora Austin H 
Clark Zuologisehcr Anseiger, 42 253-255 1913 

I'hru the courtesy of President J C Branner of Stanford University, 
California, and of Prof J H Comstock of Cornell University, Ithaca, 
New York, the author has lieen enabled to examine a speeunen of Pen- 
palua taken by President Branner at Breves, on the island of Maraj6 
at the mouth of the Amazons, in 1882 and recorded by him, under the 
generic name only, in 188G It pnmsi to be an example of Penpatua 
(Eptperipatva) aimoni Bouvier 

A specimen received thru Mr W E Broailway from Tobago, British 
West Indies (a now locality for the group) represents Penpatua (Epipen- 
patua) tnntdadenata Stuhlmann, but appears possibly to indicate a local 
variety, for which the name Penpatua {Epipenpatua) broadwayt is 
suggested 

A qiecimen of Penpaflu (Penpatua) juanenata Bouvier is recorded 
from Vieques, near Porto Rioo, and three qseounens of Pvnpatoidea 
ncvae-aealandtae (Hutton) are recorded from New Zealand. A H. C. 



JOURNAL 

OF THE 

WASHINGTON ACADEMY OF SCIENCES 

VoL. in NOVEMBER 4, 1013 No 18 


GEOPHYSICS .—Water and the magmatzc gases Arthur L. 

Day and E. S. Shepherd Geoph 3 r 8 ical Laboratory. 

Two senous attempts have been made in recent years to estab¬ 
lish a conclusion which geologists generally have been somewhat 
slow to accept, namely, that water of magmatic origin is not 
found among the gases exhaled by active volcanoes.^ Notwith¬ 
standing the fact that this conclusion is diametrically opposed to 
the commonly accepted explanations of volcamc activity and 
the further fact that the evidence offered m both instances is of 
a dbmewhat fortuitous kmd, it has hitherto remained uncontro¬ 
verted by well-established facts of observation. It may there¬ 
fore have some mterest to present very briefly the preliminary 
results of a study of the volcanic gases emanating from the Kil- 
auea crater during the summer of 1012 the ultimate purpose of 
which is to endeavor to establish the character and effects of the 
chemical reactions concerned in volcanic activity It happens 
that both of the attempts to show that volcanic emanations are 
anhydrous have depended chiefly upon evidence obtamed at this 
crater. 

The character of the evidence hitherto offered may be illus¬ 
trated briefly as follows. Green noted that active lava flows, and 
even the Kilauea crater itself, often appear to be pving off gases 
in quantity when no steam cloud can be seen above them. Brun 
observed that the cloud when present does not evaporate m the 
air and shows no optical phenomena in sunlight. He was able 
to obtain no condensed moisture in glaA tubes exposed 'withm 

' WilliAtn Lourthiao Qnvn, VMtiges of tho molten globe, vol t 1887 Albert 
Brun, Becheroboo mr rEzhalauon Voloamque 1911. 
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the smoke cloud (100 meters distant from the point of emet^ 
gence), and he observed further that a dew-point hyBTometer 
exposed within the cloud indicated a smaller moisture content 
than in the clear air near-by. Some other observationB were 
offered pointing to the same conolurion, but the above citations 
fairly serve to Aow the character of the observations which led 
to the conclusion that water had dq part in these exhalations. 

It has seemed to the writers, in considering this problem, that 
evidence of this kmd is unconvincing. Such evidence may serve 
to prove tiiat the cloud above Kilauea does not consist entirely 
of steam, but it is a very different matter to conclude from it 
that no steam is emitted, particularly m view of the fact that the 
extensive hygrometer measurements offered by Brun all show that 
the obs^ations were made in an unsaturated atmosphere, and 
the further fact that the temperature of the gases at the moment 
of emission Was not far from 1200? The latter point seemed to 
us of vital importance in any attempt to identify volcanic gases, 
for nearly all the recorded analyses of the gases contained in 
volcanic rocks* mclude gases (e.g., CO or Ha) which undergo im¬ 
mediate alteration and lose thdr identity if released into the air 
at such a temperature as 1200? We therefore undertook the 
somewhat hasardous task of going to the bottom of the crater 
itself and collecting the gases direct from the liquid lava htsfort 
they had come in oontaet toUh'the air at all. 

The gases were collected under the following conditions. A 
lava fountain broke thru the floor of the crater beside the lava 
lake and by its own spattering quickly built for itself an en¬ 
closing dike. When this dike had grown to a completely enclos¬ 
ing dome, an ideal gas collector was provided by the volcano 
itself; for this dome, because of tiie continual bursting of great gas 
bubbles within, was lined with tiie same liquid lava from which 
the gas wqs being released. Frmn tiie narrow cracks in the 
sides of the dome, sheets of pale blue flame could be seen burn¬ 
ing at night, which indicated (1) an eapess pressure within, and 
m oonfiequence (2) thiH the gases released from the liquid lava 
first came in contact with the air upon emerging from the dome. 

^ XL T. Ghamberiin^ ,Thft giMi In roeks* of ike Cemegie laelkir^ 

tion of Weehingtotir No 100. lOOB. 
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We aocordini^ chose a favorable opportunity, descended into 
the crater and inserted a tube directly into one of these cracks 
behind the flame which was burning toere. This tube was con¬ 
nected with a pipe-line some 7 or 8 meters m length, leading to a 
train of 20 collecting tubes, each of one-half hter capacity, and 
finally to a piston pump with a capacity of abour 2^ hters per 
stroke. The flashing of the lava within the dome could not 
only be heard and seen thruout the 16 mmutes during which 
the pumping was continued but the jar could be felt beneath the 
obswvtf’s feet. The temperature at which the gases entered 
the tubes was about 1000°. 

With the first stroke of the pump water began condensing in 
the glass tubes in considerable quantity, in plain view of the ob¬ 
servers. This water, tho imexpected (m view of the statement of 
Brun) also served as a most excellent wash bottle by means of 
which to trap the halogens or other soluble salts asserted by 
Brun to be present. At the close of the pumping the tubes were 
sealed and taken out of the crater without mishap. Four days 
later the contents of Tube No. 3 were removed for preliminary 
analysis at the Ckillege of Hawaii m Honolulu. With the limited 
facilities there available, no very elaborate analysis was possible, 
but the following gases were found. 


TABLE i« 


SOi 

wtitk 

Ptumt 

SI e 

00k 

398 

00. . .. 

S S 


It was not possible to analyse for H« or Ni, but a 1 .1 mixture 
of the gas residue with air gave no explosion on test. The tube 
also contained about 50 cc. of water with sufficient free sulfur 
to make it appear quite turbid. This water, when filtered and 
treated with acid silver nitrate, showed no trace of o^|pnne. No 
titanium was found. 

The remaining tubes yme transported to the Qeoph 3 rsioal Lab¬ 
oratory in Washington at the close of tiie fidd season (nearly 
a year later) and analysed there. The anal 3 rais of the fixed 
gases contained in five of the tubes is tabulated below. 
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TABLE II 


Analtbss or tbx Fixsd Gabxs (Pbopoktions bt Voujhb) 


1 

TCM 1 

TUftB 2 

1 TOBB 9 

1 TUBS 11 

TOBB 17 

CX>, 1 

23 a 

66 0 { 

62 3 

60 2 

73 0 

CO 

5 6 

3 0 

3 6 

4 6 

4 0 

H. 

7 2 

6 7 

7 6 

7 0 

10 2 

N. 

63 3 

20 8 

13 8 

20 2 

11 8 

SO,* 

' non^ 

\ 5 

12 8 

none 

none 

Ran* Oases 

1 none 

none 

none 

none 

none 

Hydrocarbons | 

none 

none 

none 

none 

none 


* Inasmuch os all the tubes < ontained -water, practioally all of the SO> had gone 
into solution in the water and bcaomo alterod before the final analysis was made 


TABLE in 

Anaitbes or the Matfr (Proportions bt Wbiort) 



1 

9 


$nm» 


KoiO 

0 0214 

0 031 

K,0 

0 0102 

0 011 

CaO 

0 0120 

0 14 

Fe^,\ 

AltOi/ 

0 000 

0 010 

Cl 

0 220 

0 200' 

F 

0 605 

0 492 

\Hi 

0 0018 

none 

TiO, 

0 006(7) 

none 

7 otnl 8 an SO* 

* 4) 480 

0 608 


The major portion of 
these may have come 
from the glass or from 
Pole’s hair 


The conclusions from these analyses may be bnefly ilkounted 
as follows 

(1) To anyone familiar with gas equihbria, it is inunedi- 
ately obvious that this group of gases can not exist together in 
pquihbnum at a temperature of 1000** or more, but must be in 
process of active reaction at the time of release from the hquid 
lava Reaction will begin between the gases in the rising lava 
column thamioment pressure has diimnishd to the point where 
they begin m be released from solution. As the lava rises to the 
surface, the pressure upon it diminishea steadily, setting free a 
continually increasing quantity of gas which is then free to enter 
mto new chemical relations. Moreover, these reactions (e.g., 
Ht + SOi and Ht + COi) are of a kind to produce heat m such 
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quantity as senously to affect if not to determine the temperature 
of the whole mass. This chemical activity will be a maximu m 
at the surface at the moment of discharge mto the atmosphere 
and the proportions of the reacting gases will vary with every 
bubble which bursts from the liquid lava, as is plainly shown by 
the variations from one tube to another in the above analyses 

It would seem to be a necessary consequence of this mode of 
release of the gases previously it solution and the resulting exo¬ 
thermic reactions between the gases after release, that the tem¬ 
perature of the lava lake should rise whoi the quantity of gas 
given off IS large, and ^jshould dimmish again when the gaseous 
exhalation dimmishes m volume, and this was found to hold true 
thruout the activity of the summer of 1912 of which we were 
witnesses. The measured changes m temperature in the lava 
basin m this interval of about four months (the quantity of lava 
m the basm remaining practically constant) amounted m maxi¬ 
mum to 116“ (June 13,1912,1070“; July 6,1912,1185“) 

(2) The exhalation unquestionably contains water, of which 
about 300 cc. were found condensed m our tubes In view of the 
fact that the water condensed and remained behind while the 
fixed gases passed on thru the tubes and pump, it is not possible 
from these observations to estimate the proportion of water to 
the fixed gases. 

(3) The presence of free 8 , SOt and tiOt in the cloud affords 
adequate explanation of the phenomena observed by Brun The 
visible cloud consists mainly of free sulfur (not of chlondes) and 
we were able to collect it from the cloud, both at the point of 
emergence and at the crater run where Brun’s observations were 
made. It follows from this that the cloud would not evaporate 
in the air nor show optical phenomena (rainbows), neither could 
it be expected to condense upon the crater walls, nor in tubes, if 
the point of collection was too far away from the point where the 
gases were released from the lava. The observations of fact made 
at Kilauea by Brun are for the most part confirmed by our 
observations, but we were unable to discover imthem any basis for 
his conclusion that the exhalation is anhydrous, for the tiny sulfur 
particles would supply abundant nuclei of condensation for any 
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water m exoess of the quantity required to saturate the atmos¬ 
phere and any quantity smaller tiuin this would evaporate freely 
in the comparatively diy air at 1300 meters elevation. Fur&er- 
more, Brun’s observation that the eiqiosurB of a dew-point hygnnn- 
eter within the cloud showed less moisture present than in the 
clear air outside, finds equally ready explanation in the fact that 
the cloud has been shown te carry SOi and SOa, and fay conse¬ 
quence Bulfunc acid, which alb excellent dehydrating agents. 
A cloud charged with drying agents like these must, a priori, be 
found drier than the surrounding air which is not provided with 
such diying agents In confirmation o^ this we find that the 
decomposition of the surface lava, which is continually exposed 
to these gases, is everywhere a sulfutio acid decomposition, the 
decomposition products being sulfates (alum, gypsum) together 
with considerable quantities of free sulfur. 

(4) If the total quantity of gas drawn into our tube system be 

estimated at about 1000 liters, then the quantity of chlorine is 
less than 0.02 per cent. In confirmation of this low chlorine 
content, analyses of the lava near the volcano which has been 
constantly exposed to the smoke cloud for 20 years or more, 
showed no test for chlorine in a 2 gram sample.* * 

(5) It is of the hij^est importance to note further that the 
nitrogen exhaled by the volcano contains no argon. Bearing in 
mind that argon is alwa^ present in the atmoqihere in measur¬ 
able quantities, and that it enters into no chemical combination 
whatever, it would seem to be a necessary conclusion that the 
atmoqihere does not contribute to the gases which are given off 
by the lava. If atmospheric ingredients were present in the 
lava, then surely the argon must be given off again. This must 
apply to all atmospheric ingredients moluding water, whether 
ori^pally gaseous or condensed, for if meteoric water were to 

' Bnin ivpwn to have twtad for ohlonae with » Oliver mtrotoBoltttioa tn u 
atmoophere which la ahown above to eontain 8, BOi and 80i, and aotea that it 
immediately beoomei olooded, but menttona no teat to aaoertain whether it was 
the ehloride or the aulphite whieh waa thua preoipitated.. Similarly, he nowhere 
offara a ehemioal analyaia of the partieolar gaaaa whieh oe ooUeeted m tubea at 
Kilanea, but eontenta himaelf with preaentins two analyaea of other gaaaa pumped 
hen solid lava fragmeati reheated fioaseiio aome smatlia afterward (L'Biha- 
lawon Voleipiiqiie, p. US.) 



BWZNaiiB: BOTANICAL NAMS OF THB* LDIE 


468 


find ita way into the lava ilTmust do ao as a gas and on the same 
twms as the other atmospheric gases, for the reason that the 
oiiti^ temperature of water is but 374°, whereas the lava tem¬ 
perature is 1000° or higher. It is therefore plam that capillary 
{Aenomena (Daubr^e) can not be invoked to assist m the trans¬ 
mission of water into the liquid lava m the temperature region 
between 374° and 1000° in which H«0 has no surface tension. 
But quite apart from thiS, there is no more reason for Amiiming 
that the water is of atmospheric origin than for assuming the 
carbon compounds to be so 

In conclusion, we mi^ add tiiat the much discussed question 
whether water is an active participant m volcamo activity ap¬ 
pears to find adequate answer in these prehnunary experiments, 
so far as Kilauea is concerned. Not only was water actually 
collected in considerable quantity (300 cc.) directly from the 
liquid lava, at a temperature of 1000° or higher, but this was 
done under conditions which completely excluded contamination 
with air. Moreover, the presence of free hydrogen associated 
with OOi and SOi at this temperature is of itself a sufficient 
guarantee of the presence of some water among the volcanic 
gases. Indeed, the reaction between Hi and GOt (the water 
<gas reaction Hi + COi ^ CO + HiO) has long been well 
known and has been studied m great detail * 

BOTANY .—The boUmteal name of the kme, Citrus aurantifolia 
Wautbb T. Swingle, Bureau of Plant Industry. 

The lime, altho closely related to the lemon and the citron, 
differs from them in having small white flowers, fewer stamens, 
thin-skinned fruits and winged petioles articulate with the blade 
of the leaf. Because of these and other divergent characters it 
seems proper to recognise it as a distinct species, as has been 
done by many botanists. It is quite distinct from Ciints hie- 
trix, D. C., which is considered by Bonavia* to be the ancestral 

F. HalMTi ThMnodnuunik taobz&uoha’ QaareMtlonen. Boriin, 1006. 

' Bon*vi«v B , probable wild aouroe of the whole sroop of oulti- 

▼ated true llmei (CUrtw oMda > C. medtoo, tit. aada of Brandu, Hooker, 
and Alph. de Candolle), In Journal Lum. Boo., Botany, II: 113-118, flfi 1-8, (n 
148, Jul. 38). 
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fonn from which the cultivated lime was derived and to which 
Urban* refers the lime as a variety 

The earhest posthnnean binomial name applied to the lim^ was 
hvmon spvnotum published by Phihp Miller m 1768 m the 8th 
edition of his Gardener’s Dictionaiy The specific name spmo- 
sum cannot be transferred to Citrus because it would be a homo¬ 
nym of Ctfrus aptnoau^ published by Gmelm m 1774* for a form 
of the lemon quite unlike the lime The next oldest name, L*- 
mon a andtanma was pubhshed by Houttuyn* in 1774 m qiite 
of the already existmg name Ltmoma acidxaaxma used by Lm 
naeus for the wood apple of C4ylon and India which name Hout- 
tuyn ruled out because he considered it inappropriate, redins- 
tenmg the wood apple Ltmoma pinnabfolxa Under the rules of 
botamcal nomenclature no such substitution of names is per¬ 
mitted no matter how inappropriate the original name may be 

The Lvmonia acidiaaiina of Houttuyn was undoubtedly the 
common lime of the Blast and West Indies as it was based on the 
Limonellus sive Lunon Nipis of Rumphius* and also on an ex¬ 
cellent plate published in 1706 by Juffrouw Mane Sibylla Mer- 
lan * the famous illustrator of insects who spent two years at the 
begmnmg of the eighteenth century m Surinam drawmg and 
studymg the insects of that colony and the plants upon which 
they feed 

In 1777 Chnstmann* m the German adaptation of Houttuyn’s 
great work renamed the lime Ltmonta auranhfolta this name be¬ 
ing an avowed substitute for the mvalid Limonia acidtaatma of 

■Urban I 1906 Symb ontil 4 3^ aMC%tnuHy$tnzacida 

«Omehn S Q 1774 Rcibo duroh Ruoaland St Petersburg 9 379-270 

■ Houttyun Martin 1774 Natuurlyko hiatone Tolgena het samen 

Biol van den Beer Linnaeus Amsterdam Deel2 9 414-446 

■Rumphius G E 1741 Herb amboin Amsterdam 2 107 tab 20 

^ Merian Mana Sibylla 1706 Metamorphosis mseotonim surinamenBium ofta 
veranderung der aunnaamoohe inseoten Amsterdam p 17 pi 17 (s d but pub 
liahed 1706 vide Hagen H A Btbl Entom 1 634-636} As Houttuyn does not 
specify the edition of Morion s work it may be that he quotes fitnn the second 
l^toh edition published in 1710 Color u giten to this sunmae by the foot that 
the quotation made by Houttuyn differs by one word %om the onginal text of 
Juffrouw Menan os pubhshed in 1706 

■ [Chnitmann G F I 1777 in lannd Pflaniensystem naoh der viersebnten 
lateinufilftn Aosgabo und naoh dee hollAodiooben Hoattuyniaehen Werkee fiber 

Nfimberg 1 618 



SWINQLE' BOTANICAL NAIUI OF THE LIMB 


465 


Houttuyii. The fact that Houttuyn’s name was preoccupied and 
consequently untenable was doubtless realized by Christmann, 
altho he makes no mention of his reasons for changing the Tumnft- 
His description and citations of older literature, practically trans¬ 
lated from Houttuyn, are ample to establish hmanxa awranixfolia 
as a vahd species. 

The name Citraa lima was published by John Lunan in 1814* 
for the common hme and has been recently revived by Percy 
Wilson (North America Flora, 26 222, 1911). This name is a 
homonym, however, smee it was used for the common lemon by 
Alexander Aitcheson before 1800 ** 

The name Citrus hmetta Hisso, commonly applied to the hme, 
was published by Risso m 1813‘‘ but refers distmctly to a va¬ 
riety of sweet lime havmg an abnormal fruit, probably a garden 
variety of hybrid origin and certainly not a true hme This be¬ 
ing the type of Risso’s species, his name cannot properly be ap- 
phed to the common acid bnie. 

The subsequently published names for the hme, such as Cit¬ 
rus sptnosisstma Meyer“ 1818, C adda Roxburg” 1832, C Not- 
issimus Blanco,'^ 1837, C LimoneUus Hasskarl'* 1842, and the 
many varietal names under the various specihc names for the 
citron, the lemon or CUrus histrix, D C. need not be discussed 
here as Christmann’s name has priority over all of them 
The oldest tenaMe name for the lime is therefore Christmann’s 
Lmonia aurantifolia which upon being transferred to Citrus, be¬ 
comes Citrus aurantifolia (Cbristm ) ii. comb.** 

* Lunani John, 1814, Hortiu JamaicensiB, Jamaica % 451-4S2 
[AitohiBon, Alexander], 18 (7), m Encyclopaedia Porthensia, 2 ed (7) Perth 

8.08(1 The "New and Complete American Encyclopaedia From the 

Enoyclopaedia Pcrthensis with Improvomenta/* Now York (John Low), 1805, 
8* 678, gives a verbatim reprint of the description of Citrus lima in the edition 
eited above 

“ Risso, A , 1813, in Ann Mus d’Uist Nat Pans, 90 106, pi 2, fig 1 
» Meyer, Q F W , 1818, Pnmitae Flora Essoqueboensis, Gfittingen, p 247 
>• Roxburgh, W , 1832, Ilora indica, Serampore, 8 300 
>• Haaskarl, J C , 1842, Flora, 86, 2 (Beibl) 43 
^ Blanoo, M , 1837, Flora de Filipinas, Manila, p 607 
The genus Limonia was founded on plants with pinnate leaves The specific 
name aurantifolia of Chnstmazin undoubtedly means having orange-Iike leaves 
in controet with the original Ltmonta octdianma of lannaeus (the L ptnnali/olta 
at Houttuyn and of Christmann) 
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Autbon of uienbfio p«pen are raqueatod to mo that abatraota, prafaraUy 
praparod and ngned by themaelTes, an forwarded promptly (b the editors Each 
of the Boientiflo bureaus in Washington has a represantative authorised to for* 
ward suoh material to this journal and abatsacts of offiual publioationa should 
be transmitted thru the representative of the bureau id^hich they originate 
The abatraeta should oonfonn in length and general st^wu thoae appeanng in 
this issue 

GEOLOGY —The YerUna Di^rtct, AUuLa S. R Capps Bulletui U. 
S. Geological Survey No. 534, pp 72, with iDapo,8ectioiis, and views. 
Idl3. 

The geological formations that outcrop are: (1) a thick slate-gray- 
wacke series of undetemuned age, but pro-Tertiary, (2) intrusive gran¬ 
ites and diontes, probably of Jurassio age; (3) Eocene clays and sands 
with some lignite, (4) Tertiary gravels, (S) glacial moraines and out- 
waah gnfvels, (6) reomt stream deposits 
The gravel senes which overlies the Eocene beds was found to be 
structurally conformable upon the Eocene, and to antedate by a oon- 
siderable tune interval the period of maximum ^aoiation These grav¬ 
els have hitherto been thought to be Plmstocene 
The placer gold of Cache Creek and the neighboring creeks is thoui^t 
to have beendarived from quarts vems m the allte-grsywaoke series 
Its present ddRnbution has largely influenced by glacial erosion, 
the present placers being found only m those places where ice eroehm 
was feeble, or where post glacial eroaon has effected a reconcentration 
of the glacially scattaed'gold. On Twin Creek and its tnbutanes the 
placer gold is the product of post ^boial concentration of gold from, 
the Tertiary gravels. S. R. C 

GeAxXSY. — Btmarek, N. Dak , fobo. A. G. Lbonabd. Geologio 
' Atlas of the United States, No. 181. U. S. Geological Survey in 
ooOperatkm with Nwth Dakota Geoiegical Survey. 1912 
The formations represented range in age from Cretaceous to Recent 
The Fox Hills sandstone (marine), the lowest of the formations, is cm- 
pose^ in tiie lower parts of the UufiEs of Mbsouri River in the soutiieRi 
part of thp wea and in some tributary valleys. Tlie base is not ea- 
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posed, but along the Cannonball River, just south of this area, the 
formation has a thickness of 200 feet Overlying this over most of 
the area, in apparent conformity, are 660-700 feet of dark, gray brown 
and black shale and sandstone of the Lance formation (fresh water), 
the approximate equivalent of the Ceratope beds of Wyo ming In 
there is at least one workable 5-toot bed of ligmte 

Conformably overl 3 nng the Lance or ' Somber beds ’ are the ash- 
gray and yellow shales and sandstone of the Fort Umon (Tertiary) 
having a maximum thickness of 200 feet In this are numerous beds 
of ligmte ranging m thickness from a few mohes to 35 feet —^thick¬ 
nesses of 5 to 10 feet are common In places the lignite has burned 
out along the outcrop baking the overlying shale to red or pink 
clinker The Fort Umon cames a noh fossil flora, manv freshwater 
shells and a few vertebrate fossils 

The area, altho outside of the terminal monunes of the Wisconsin 
stage of glaciation, contains considerable glacial dnft Remnants of 
morames, patches of till, and patches of boulders are found, the latter 
so abundant m places as to form a pavement This dnft, tho indicated 
on the m^ as probably of Early Wisconsin age, is m the text provi¬ 
sionally referred to the Kansan stage of i^aciation since the appearance 
IB that of remnants of a much eroded deposit The western limit of 
contmental glaciation is 60 to 60 miles west of the Missoun m this 
latitude Much of the dissection of *the area is believed to have been 
accomplished m Tertiary time but it also appears that there has been 
a long penod of erosion smee the deposition of this dnft The valley 
of MisMun River the author regards as pre {facial The economic 
resources of the area are ligmte clay, gravel, sand, surface and under¬ 
ground waters, and a'*good sod Wu C Aldbn 

OEOLOOY —Geoloffie reemnatMonee o/ a pari of tho Rampart Quad- 
rangU, Alaaka H M Eaxin BuUetm U S Geological Survey 
No 636 

The area treated is in central Alaska, betwem Yukon and Tanana 
Rivers west of the 160th mendian The consobdated stratified rooks 
of the area include a greenstone group probably of late Paleosoic age, 
a Umestoiie schist group of earber Paleosoic age, a slate, quartsite 
and schist group, in part of Lower Cretaceous age and a date sand¬ 
stone and oon^omerate group, probably also of Mesosoio age These 
groups trend northeast ai^d southwest across the area m a senps of 
belts, the mificmnnion from northwest to southeast bemg m the order 
* given. 
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The consolidated stratified rocks are intruded batholi^ and thick 
sills of monionite, by a complex system of dikes of widely varsnng rook 
types, and by pegmatite and quarts veins Some pegmatite dikes have 
centers of pure vein quarts. The solid rocks ore overlain locally by 
loosely cemented Kenai (Eocene) beds, and widely by alluvial deposits. 
The latter include flood plam deposits of tho prfiaent streams, stream 
terrace deposits and lugh lying silts and gravels Rome of the high 
lying gravels are evidently beach deposits. 

Gold occurs in the meiamorphio rocks at a number of places but no 
workable depomt has been discovered. Placer gol^ m mmed m stream 
terrace deposits and in tho high lying beach gravels. Cassitente occurs 
in commercial quantities in some of the gold placers H M E 

ZOOLOGY — Deacriptton of a coUeclton of unstalkcd cnnotds made by 
Captain Suem>on in Eastern Asia Austin Hobart Clark. Pro¬ 
ceedings of tho Biological Society of Washington, 26 177-182 
1913 

The crmoids listed and described are the following from near Hong 
Kong, Comanthua japoniea (J Mdllor), Zygometra eomata (A. H Clark), 
Catoptometra rubroflava (A H Clark) and Dtehrom^ra ftageUaia (J 
Mailer), of these only one, Zygometra eomata, was previously known 
from this locahty, from the Philippine Islands, Oligonutra aemptnna 
(P H Carpenter), from Kiutli of the Goto Islands, Parametra onon 
(A H. Clark), and from northeastern Korea, TkaunuUometra tenuie 
(A H. Clark) 

The faunal relationships of the east Asiatic coasts arc discussed, and 
the thirty-six endemic species occurring between southern Japan and 
Korea and Cochin China are found to fall into four distinct categories 
(1) East Indian species, occurring in the Phihppme Islands and on the 
const of Cochin China, and extending northward as far as Hong Kong, 
one of them possibly to Fuchow; (2) southern Japanese species, ranging 
from Tokyo Bay westward to the Korean Straits and thence southward 
.along the Riu Kiu Islands to Formosa (Taiwan) and Hong Kong, where 
they occur together with East Indian forms, (3) Arctic species, inhabit 
mg the cold water which bathes the continental shores of the Sea of 
Japan, and ranging southward as far at least as the Korean Straits, 
pebbly even to Shanghai; and (4) Antarctic species, inhabiting the 
Pacific coast of Japan and reaching their soutiiem limit at Tokyo and 
Sagami Bays A syatematic list of all the species recorded from the 
region la given, and the faunal division, to which each belongs, indicated 

A. H. C. 
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MATHEMATICS .—A useful type of formuiajor the trUerpolaium 
and representation of experimental results. L. H. Adaus. 
Geophysical Laboratory. 

Mellor, m his Higher Maihemahcs,'^ reinarkii, "The reader will 
perhaps have been impressed with the frequency with which ex¬ 
perimental results are referred to a senes formula of the type 

y - A -h -I- Cx* + Dx* -h -, 

ia physical or chemical text books For instance, 1 have counted 
over thirty examples in the first volume of Mendel^eff's The 
Principles of Chemistry and more than this number in Preston’s 
Theory of Heat.” It is well known that for the representation 
of eiq}enmental results linuted power senes often leave much to 
be desired, and that such formulae adeqiiately represent the data 
only m comparatively few instances or over short ranges, and 
yet as mdicated by the above quotation this fact is seldom ap¬ 
preciated. It IS the purpose of this note to pomt out the ad¬ 
vantage of functions other than power senes and to advocate 
their more general employment m cases where power senes ob- 
viou^y do not conform to the known geneitd form of curve given 
by the measurements. 

By far the larger number of physical changes follow laws as 
yet unknown, and so, until the precise theoretical funotiSn is 
ascertained, tiie experimental results m question can be repre¬ 
sented only by some sort of empincal formula. In the choice of 

‘ J W Mdlor, Highar oiatliaiiiattos for itudonta of physlea and ohemiatry, p 
378. 
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the most suitable equation to be fitted to a given set of experi¬ 
mental results there is usually considerable latitude, but among 
the host of mathematical functions there will often be certam 
ones which from their peculiar oharaotenstios or general shape 
are especially adapted to the data m hand Neveotheless most 
chemists and physicists, who desire to fit their experimental re¬ 
sults to some equation, turn bhndly to the familiar power senes 
When the graph representing the 
results IS obviously non-linear, 
the quadratic or parabola, y » 

A -f Bx 4- Cx*, 18 first tned, if 
a satisfactory fit iS not obtamed 
another term is added, and so 
on until there is sufficiently close 
agreement between the calcu¬ 
lated and observed values thru- 
out the range of observation 

Now it happens that m some 
cases a parabolic equation repre¬ 
sents the relation between two 
physical quantities with great 
exactness A notable example is 
the resistance of pure platmum, 
which IS a quadratic function 
of the temperature between O'* 
and 1000° to withm 0 05 per cent 
or better Such accidents, how¬ 
ever, are rare More often than 
not a cubic or a fourth power 
equation is necessary especially for experimental observations of 
high precision For mstance, according to Bridgman* a power 
senes of at least five terms—and probably more—^would be re- 
quirld to represent the resistance of mercury as a function of 
pressure, with an accuracy of per cent, the degree of accumqy 
of the expenmental work thruout the range of pressures mvesti- 

* Proo Am Aowl 44 237 (1908) 
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gated (0-6000 atm.) Aa a first step in the searoh for a suitable 
equation it is advantageous to plot the data and to consider the 
goieral form of the graph, eepecially its limiting characteristics. 
As an illustration let us consider the em.f. of a copper-con- 
stantan thermoelement as a function of temperature If we plot 
e.mi. against temperature we obtam a curve of the type shown 
in figure 1. 

The most important characteristic of this curve is its property 
of becommg more nearly linear the farther it departs from the 
origm. That is, the curve is asymptotic to a straight Ime (such 
as the dotted hne shown m the figure), which does not pass 



thru the origin. It is apparent that neither a parabola nor a 
cubic equation (nor any power senes with a reasonable number 
of terms) can conform over a wide range to this essential con¬ 
dition, namely, that of steadily increasmg hneanty with increas¬ 
ing values of E or t. A power series can be made to approximate 
only to a greater or smaller portion of the whole curve, the de¬ 
gree of approximation being better the greater the number of 
terms included in the series and the smaller the portion of the 
curve dealt with. 

On the other hand there are a number of possible functions 
which have the desired general form. To deri\ e one let us con¬ 
sider the course of the slope d£/dl of the curve given in figure» 
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1. The derivative is finite at the origin and increases with t, 
rapidly at first and then more slowly, tending toward a oonstant 
value as a limit (see fig. 2). Such a curve referred to the dotted 

Ime as the axis is given by ^ - 1 — «“*, in general by ^ 

h{l — e^), C being a negative quantity,* or when referred to the 

t — axis by equation — a + 6 (1 — e”*) Integrating and ap- 

plying the initial condition that E » 0, f — 0, we have, E — At+ B 

(1 — 6°). Where A - a + 6,B — This equation is of the 

o 

desired form, and, as we have found by trial, is hie^y satisfactory 
in a number of cases where the graph has the general form of 
figure I, as for instance, the relations between temperature and 
e.m.f. of copper-constantan thermoelements and between pres¬ 
sure and resistance of manganin or of “therlo” wire. 

The calculation of the constants of this type of equation offers 
no especial difficulty, in fact it involves no more time or labor 
than m the case of the cubic equation* 

E - A'f + + CU* 

a form of equation which is often used and is m general of less 
utility. The method of evaluating the three constants, A, B 
and C is as follows Write down three simultaneous equations con¬ 
taining pairs of corresponding values of E and L Eliminate A 
by addition or subtraction and B by division, we then obtain 
an equation m C of the form. 

(1 - _ p (1 _ E, - P E, _ „ 

(1-c^-Q(1-««0“E,-QE,“ 

where P - — ^nd Q Assume now several valuefi of C and 
h h 

with the aid of tables of the exponential compute the corre- 
spoEding values of K. Then plot K against C and deteimine the 
proper value of C by graphical interpolation. The value of C 
being now known, B and finally A are readily calculated. 

• dX 

* Another euitable function is * a + ^ tanh ci which would lead to the equfr- 

%on X « + b log oosh e|. % 
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The result of the application of this equation to the copper- 
constantan element is shown m table I The constantan wire 
consisted of selected lengths cut from a spool of No 30 B and S. 
‘'Ideal” wire made by the Electncal Alloy Co The points at 
lOO**, 217?05 and 306?0 were obtamed by unmerdng the ele¬ 
ment (enclosed in a glass tube) m the vapors of boiling water, 
niq>bthalene and benzophenone/ those at the lower temperatures 
by comparison with an element* previously calibrated against s 
resistance thomiometer. As table I shows, the curve when 
passed thru the three upper points fits the three lower pomts 
very satisfactorily, indeed the divergence is no greater than the 
experimental error. 

TABLE I 

COICPABUON OF OBSBBVm) ■ II F (C) OF COPPXR-CONBTANTAN KlSMBNT WITK 
THAT Caixulatfd fbom th* EQUATION E ■■ 74 672 1 — 13892 (1 - e“® 0 


nur 

' C (OM ) MOmOTOLT* 

1 

C (OALO ) iuchotoiib 

Dimujioii 

UOmOYOLV* 

24*80 

, 061 1 

060 9 

0 2 

40*60 

1 2010 0 

2010 8 

0 1 

78*75 

' 3201 7 

3201 4 

0 a 

100*00 

1 4276 

(4276 ) 


217*06 

1. 1024S 

(1024S ) 


806*0 

16203 

(16203 ) 



*1 mierovolt oomspondfl to about 0*02 

The above equation as compared with a series formula con¬ 
taining a like number of constants (i e, a cubic equation) pos¬ 
sesses the following advantages, (1) In accord with what might 
be expected from the general shape of the curve a better agree¬ 
ment has been obtamed between “observed” and “calculated” 
values. For instance if a cubic should be substituted for the 
exponential equation described, the differences in the fourth 
column of table I would each be greater than 6 microYolta 
(0?1). (2) Since values of (1 - r-) may be obtained by inqieo- 

' ^ Proper oorreotioii being made for barometno presaure Cf Adams 4 John*- 

ton^ Am J 8oi, 88' 688 et Mq 1912 

* This element belong to Dr W. P. White of this Laboratory For deaoni>* 
tion of the oompanaon of Uua dement with the reeiatanoe thennometer. we Fhya. 
Rot. 81,160. 1010. 
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tioD and in one operation from tables of the Descending Eiqio- 
nential,* the operation of caloulating a series of values from the 
eqionential equation involves lees labor than from a cubic equar 
tion (3) Altho extrapolation is, in general, an operation bmt 
with many pitfalls, nevertheless, if an extnqiolation is unavoid¬ 
able, it is more reasonable to employ a function of proper general 
form than to take srane random function which can not be ex¬ 
pected to fit the experimental results except over a small part 
of the range of observation. 

MINERALOGY — Hodgkiruomte, a new mineral from FnmkHtn 

Furnace, N. J. C. PaiiAChb, Harvard Umvernty, and W. T. 

ScHALLBR, Geological Survey. 

The mineral here described was sent to the Harvard Miner- 
alogical Museum for identification m April of this year by Mr 
J J McGovern of Franklin Furnace, New Jersey. On being 
informed that the mineral was of a new species, material for 
further study and for analysis was freely supphed by Mr. H. H. 
Hodgkinson, M. E., Assistant Underground Supermtendent of 
the mine, who first found the mineral m the mine workings and 
whose name it bears. Mr Hodgkinson states that the new min¬ 
eral was found in the northern part of the ore body, in that part 
of the Parker Mmc formerly known as the Hamburg Mme and 
qmte near the hanging wall of the west leg of the ore body, be¬ 
tween the 850- and 900-foot levels. The locahty was marked 
by a number of shps and faults, along some of which the mineral 
occurs It has been found m a number of fifpeoimens dunng the 
year but nowhere in abundance. 

Hodgkinsonite is a hydrous silicate of amc and manganese 
crystallizing m the monoclimc system It occurs in seams in 
massive granular ore of the typical willemite-franklinite mixture, 
the seams are generally very thin with but a film of the mmeral 
which 18 always associated with white barite and not uncommonly 
with plates of native copper. Locally the film thickens to a' 
narrow vem and then the new mineral may show individuals up 
to 2 cm across, sharply angular in form and apparently with 

• Suoh, for example, aa thoee in Beaker and Van Oitraad'e hrperbolic funotiona 
(Smithionun Mathanatual Tables, Waahingtoin. 1909). 
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oystal laoes but in reality determined m their outline almost 
wholly by the older platy Wite which encloses them The clear 
pink color and brilliant cleavage of hodgkmsomte, together with 
the snow white bante make such specimens both stnkmg and 
attractive m appearance One mass of ore with a surface 20 cm 
square is at least half covered with hodgkinsomte In one case 
only has such a vein been found m which the Ru gulRr cells formed 
by tile intersecting bante plates were not wholly filled by hodg¬ 
kinsomte so that the latter was free to develop crystal planes 
From this specimen three crystals of good quahty were detached 
and these served to establish the axial ratio of the species 

Other crystals were found oecupymg cavities m thicker veins« 
free from bante These crystfds the largest 1 cm long were 
much affected by solution, the faces being generally dull or 
facetted They were accompanied by black rhombohedral cty«i> 
tals of pyrochroite and scalenohedral crystals of caJcite, both 
later m age and encrusting hodgkinsomte The latter n im¬ 
planted directly on willeimte or franklimte and in one specimen 
on manganese garnet The association and mode of occurrence 
both indicate a pneumatolytic ongm for the new mineral 
Hodgkinsomte is monoclimc with normal symmetry The 
highly perfect cleavage normal to the symmetry plane has been 
taken as the basal pmacoid The elements were calculated from 
the angles of the forms taken as (110) (Oil), and (221) together 
with the inclination of the cleavage (001) to the pnsm sone 
These angles follow 

(001)| p I Average of 2 rea Imga on 2 (ryatala 

(110)| p ^ ^ J Average of 7 rea Imge on 3 oryatala 

f • * 4® 42 1 

(011)^ P ■ 48 * le J Average of »readings on 1 crystal 
(221) I p 3 * readings on 2 crystals 

The axial elements thus calculated are 

Pe-0 72M fo-lllU ^-84* 33) 
a 6 c - 1 588 1 1 lies /I - 84* 331 
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Tlie forms observed are c(OOl), m(llO), «(011), r(221), t(ii01), 
x(805), 9(552), u(322). The last four of these forms were f^ound 
only on the etched crystab, which had been measured with oon- 
Werable care before the better crystals were found. These four 
high-index forms are no doubt vicinal and due to etching of the 
crystals; they are nevertheless retained m the table of measure¬ 
ments and a figure showing them is given since they are charac¬ 
teristic of most of the specimens. 

In the following table may be found all the observations made 
on these crystals, together with the calculated angles for the 
vanous forms 

TABUt 1 


Angle Table tor Hodgkinronitb 



1 

t 

laUMBBD 

Lmm 




P 

P 

p j 

1 ^ 

P 

ss 

e(OOl) 

90*00' 


90® 00' 

5®27J' 


B“27'- 6*28' 

2 

m(U0) 

33 OB 

00 00 

33 10 

90 00 

33®08'-33®U' 


7 

• (Oil) 

4 63i 

48 154 

4 52 

48 14 

3 34 - 0 23 

47 28 -48 47 

13 

r ( 221 ) 

34 49 

09 49 

34 48 

69 48 

34 45^ 51 

60 35 ^ 50 

4 

<(*)!) 

-90 00 

70 28 

-90 00 

70 09 1 


70 03 -70 15 

2 

z(S06) 

-90 00 

18 <$2 

-90 00 j 

18 13 


17 36-18 35 

8 

«(Ma) 

34 20 

73 33 

34 30 

72 34 

34 01-35 10 

71 45-73 23 

4 

u(323) 

-41 47 

56 16 

-43 15 

55 25 

42 50-43 31 


2 


The crystals are acute pyramidal in fiabit as shown in figure 
1 , and ate doimnated by the equal development of unit prism 
m and pyramid r. On the etched crystals this pyramid is re¬ 
placed by a group of facets whose average pomtion corresponds 
to the symbol (662). The clinodome and prism faces are always 
smooth but often dull and poorly reflecting. The faces of other 
forms are minute and of the poorest quality. Figure 2 shows 
one of the etched crystals, doubly terminated and with the smiJl 
faces of uncertam forms charaoteiistio only of qiecimens of this 
type. 

The perfect cleavage of hodgjidnsonite is parallel to the basal 
pinacoid. The density is 3.91, detennined ^ a pycnometer on 
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a gram of Bmall fragments whidi were later used for analysis. 
The hardness is a very little less than 6. 

The optical characters have been only imperfectly detemuned 
The optic anal plane is parallel to (010). The mean refractive^ 
mdex is 1.73, determmed by the unmemon method The color 
of the mmeral vanes from a bright pmk to a pale reddish brown, 
the luster is vitreous, the streak white. 



Fig 1 Fig a 


Fig 1 HodgkinKiiiite Common habit of implanted oryetala, ehowing basal 
oleavage when removed from the matrix Forms m(llO), s(0ll), r(2ai) On 
etched crystals r is replaced by 9(562) without change of habit 

Fig 2 Hod^insomte Doubly terminated etched crystal Forms efOOl), 
m(llO), 1(011), x(S05), 9(502), u(S22) 

The mineral decrepitates when held in the blowpipe flame, 
wherein it fuses readily and quietly to a brown enamel. Heated 
in a oiosed tube, hodgkmsonite decrepitates strong, splitting 
up into numerous thin oleavage scales which on further heating 
yield water and become brown in color. The mineral is readily 
soluble in acid, yielding gelatinous silica. 

Hie eheminal analysu of hodgkmsonite was made on carefully 
selected eleavpge fragments of a dear pink color and gave the 
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following results. Quarter gram samples were used as the total 
amount of available material was only somewhat over a gram. 


Analtsu and Ratios or Hodokinbonits (bt W T Schaixbb) 



1 

a 

s 

ATasAoa 

baros 

SiOi 

19 93 

10 80 

19 77 

19 86 

0 331 


1 03 

MnO 

20 80 

20 07 


20 68 

0 291 



ZnO 

52 93 

* 


52 08 

0 653 


2 08 

CaO 

0 00 

0 88 


0 03 

0 017 


MgO 1 

1 0 04 



0 04 

0 001 j 



H.0 1 

1 

1 

1 

1 

1 

1 

1 _ _ _ 

A 77t 

1 

5 77 

100 21 

0 321 


0 00 


* A duplicate determination of ZnO, of which a small amount was lost, gave 
61 38 per cent 

t Determined directly by fusing the mineral with sodium carbonate and col- 
locting the water in a caloium chlonde tube A determination of the loss on 
Ignition^ correcteil for oxidat ioii«of the manganese, gave the value 4 68 per cent 


A doubtful trace of lead was encountered but iron anil chlorine 
were absent No water was given off by the mineral at 110°. 

The ratios yield sharply the formula 3 ROSiOtHtO where 
R 18 chiefly zme and manganese. If the manganese, calcium 
and magnesium be arbitrarily taken together then the ratio of 
MnO + CaO + MgO to ZnO is 309 to 653 or 1 .2.11 or nearly 
1 ‘ 2. The formula may then be wntten MnO 2ZnO SiOt.HtO 
which may, as the water is all constitutional, be inteipreted as 
Mn.(ZnOH), S1O4 





PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 


THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 


A apecial meeting of the Society was held on October 28,1913, at the 
National Museum 

Da Albs Hbducka addressed the Society, hib subject being The 
reauUa of the speaker's recent tnp to Peru, wUh mnarke on the anthro^ 
pologxcal prdbUme of Peru^ illustrated with lantern shdes In 1910 the 
speaker a brief exploratory tnp in Peru, which resulted m the ac¬ 
quisition of some valuaole data and of important skektal collections 
Tlie opportumty to extend the investimtionB came during the early part 
of the current year, m connection with the preparation of the antnro 
pological exhibits for the PanamarCalifomia Exposition at San Diego, 
and as a consequence three busy months were spent on the Peruvian 
coast and m ceilam parts of the mountain region of Peru, m explora¬ 
tion of the ruined citi^ and ancient cemetenes The pnncipal objects 
of the tnp were, first, the mapping out as far as possible of the anthro¬ 
pological distnbution of the prehistonc Peruvian more particularly the 
coast people, second, the determination of the physical type of the im¬ 
portant Nasca group of people, which represent one of the highest 
Amencan cultures, third, fuither mquiry as to man’s antiquity on the 
west coast of South Amenca, and fourth, the extension of the speaker s 
researches on pre-Columbian pathology The conclusions to which the 
speaker was formerly led were m the mam corroborated In regard to 
the mountam regions much remains to be determmed in the future 
As to the pathology of the native Peruvian before contact with whites, 
the main work can perhaps be now regarded as done, or nearly so, 
altho individual variation m different morbid processes seems inexhaust¬ 
ible, and much m this Ime remains to be secured by future exploration 
The groimd covered was extensive and the skeletal matenal exammed 
was enormous, the selections alone filling over thirty boxes No exca¬ 
vation was practiced, attention being restricted, on the coast, to the 
bones covering the surface of ancient cemetenes, exploited by the peons, 
and to bunal caves and houses in the mountains 

Since the speaker’s tnp to Peru three years ago,, a change for the 
worse was observed in the state of preservation of the ancient remains 
Also, where formerly there were seemingly inexhaustible quantities of 
skeletal matenal there is now a dearth of it No such collection as 
that made m 1910, when the speaker gathered 3400 important crania 
wm ever again be possible from these regions The major part of the 
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old population of the coast region belongs to the brachy^hahe type 
intimately related to the Maya Zapotec tsrpe m the nora Wherever 
they lived these people of the Peruvian coast vere wont to praotioe 
more or leas the antero posterior head deformation Everywhere along 
the coast there are evidences of more or less admixture with a more 
oblang headed element closely related to the Artec and Akonqum 
types of North America As among the North American IHieblos 
nowhere was the abongmal Peruvian piopulation at any time as great 
as the relatively numerous ccraetenes or rums might lead dDe at first 
to suppose for these bunal grounds and nuns date from different altho 
not far distant pcnods 

The work done while to some extent establishing a foundation is 
merely a fair beginning Similar investigations and collections wait 
urgently on the anthropologist in the important distncts of Piura 
Eton and Moquegua on the coast m the western sierras from the 
neighborhood and latitude of Cajamarca to those of Arequipa and m 
the eastern highlands from Tiahu^paco to Moyobamba Ihemostim 
portant problems that await solution are (1) the derivation of the Pe 
ruvians (2) the timo of their advent int> the country (3) the efxtension 
and exact physical charactenstics of the Aymara and (^cehua and (4) 
the genetic relations of the Peruvian to the Argentinan and Chilean 
abongmes Besides this there remains to bo established in many places 
the correlation of culture with the phjrsical type of the people The 
B^ker repeated what he said in a former report that due to the lack 
01 scientific supervision of a great majority of the excavations practiced 
m Peru to the present time the archeological collections from that 
country are ma le up of httle more than cunosities which it is impossible 
to refer either to nny defimte people or period 

Damivl hoLKMAR SttTtHaery 
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PHYSICS —Determxnatum of the zonal vanation of the equvoa 
lent focus E D Tilltbr Bureau of Standards Com 
mumcated by Fred E Wright 

The method of lens testuig developed by Hartmann* in 1004 
has given a very efficient means of determining the grouping of 
the light rays after passage thru a lens system This method is 
laborious and difficult when apphed to the zonal variations of the 
equivalent focal length In the present paper it is proposed to 
show how one set of measures gives both the variations of the 
position of the focus and of the equivalent focal length also by 
making several sets m light of different wave lengths the axial 
and obhque chromatic aberrations can be obtained 

A dia^pamatical sketch of the apparatus used is given m figure 
1 A nearly parallel beam of hght from a distant monochromatic 
source falls upon a metal plate P pierced with small holes only 
two of which are shown forming hght rays which pass thru the 
lens system and are refracted m the normal manner A shadow 
photograph is taken upon a plate placed close to the lens a second 
at a considerable distance on the other side of the focus These 
shadow images are not as sharply defined as when both exposures 
are made close to the focus If however care is taken a dark 
center diffraction diak can be obtamed which mcreases the ease 
and accuracy of a setting 

J?Hw consider the jxisition of any ray R (fig 1) with reference 
to the anal ray Let a h equa^ the distances of this ray from the 

I Hartnuuui Ztttsohr f InBtrumentenkundc 1004 
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fUQB m the planes A and B req)eotivdy, let d equal tlie separation 
of these two planes and o the distance from A of the intersection 
of this ray with the axial ray, then we have 




ad 
a + b 


which IS the position of the focus as given by Hartmann A vai^ 
lation of 9 as Av from the limiting paraxial value is the sphenoal 
aberration 



Abbe has shown that if we assume no sphenoal aberration a 
lens will be free from coma for points near the axis when the **8me 
condition ' is fulfilled If the object is at infimty this reduces to 



sm tt 


where is the equivalent focal length, A is the distance from the 
axis of the entering ray and u is the angle this ray makes with 
the axis after refraction If B vanes from the Iwnting sero value, 
as A ^ when A vanes, the lens has a different equivalent focus 
for each sone ^t can be shown m a lens without artificial stops 
and with sphenoal aberrataon, that the ootresponding condition 
for freedom from sonal vuiation o{ equivalent focus (coma near 
the axis) is Ai? —At « 0 
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The metal plate used for iaolating the individual raya has been 
calibrated, and the height h determined, the anglea can be obtained 
from 


tan u -i 


a + h 
d 


a 

V 


and consequently E and AE — Av. This set of measures can be 
repeated for different wave lengths, and the variations m the 
quantities determined, from A v we find the axial chromatic aber¬ 
ration and the departure from the Gauss condition, and from 
aE — Av, the obhque ohromatio aberration and the vanation of 
coma with color. 



Fig 2 


The diaphragm plate, genendly used with moderate sue lenses, 
has holes of 1 mm. diameter arranged in aline and located at about 
3 nun. intervals. The error in the known position of the holes is 
less than 0.006 nun. which corresponds to an ei|or of about one 
part m ten thousand m. A E tat the edge ray of an ordinaiy 
wman lens. The shadowgreqihs are easily measured on a small 
Zeiss comparator with sufiBoient accuracy for rays somewhat 
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distant from the center Near the axis it u abnost impossible to 
obtain an accurate value of either aE or As and the problem be¬ 
comes physically mdeterminate 
This method was first tried upon a telescope objective of 320 
mm eqmvalent focus, the tngonometnc residuals of which were 
already known 


table: 1 


TauscoFS Ousonra E ^ 830 X>-0 55m Rbsiduaui in Hondrndtbb or a 

MlLLlllSTBK 


k In mm 


a 

6 

• 

la 

u 

u 

21 

V a 

Obs 

Av 


+17 

-1 

-7 

f-1 

-7 

-1 


Obs 

ABj-Av 

+4 

- a 

+4 

-8 

0 

-2 

-1-3 


Comp 

AY ‘ 

0 

- 1 

-2 

-8 

-6 

-6 


-h5 

Comp 

Ah Ay 

0 

0 

0 

-hi 

+1 

+1 

0 

-1 


From th^ residuals it is seen that the probable error of a 
determamtion near the edge of the objective is only a few hun- 
dreths of a millimeter Moreover it is evident that this objec¬ 
tive IS exceptionally well made 

The results of measurement of the spherical aberration and 
departure from the smo condition for three photographic objec¬ 
tives are plotted m figure 2 Curves A and B were made from 
high speed anastigmats with an aperture ratio of about F 3 6 
wlule curve C is an older much used type of symetneal anastigmat 
havmg an aperture ratio of about F 7 7 One peculiar feature of 
curve B is the difficulty experienced m determming the relative 
positions of the zero values of E and v, the « curve i^parently 
havings pomt of inflection near the axis This may be due to a 
small error m grmding the surface, to ^ error m the measurements, 
or to a true aberration m this type of lens Some evidence exists 
that this IS a true aberration smee the actual coma foimd m this 
lens changes sign at only a wmA.n angle with the axis Both 
lenses, however, remarkable for their freedom from aberra¬ 
tions and for the care taken m theur construction 
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CRYBTAXjLOORAPHY Tht change %n the arysttH anglee cf 
quartM vnth nse %n temperature Feed E Wright Geo¬ 
physical Laboratory 

Crystallographers agree that m the development of the science 
of crystallography the two mmerals, quartz and calcite, have 
played an exceedingly important rdle Quartz was the first crys¬ 
tal substance to attract the attention of the ancient Greeks 
They observed that its crystals are bounded by plane and not 
curved surfaces, as is the case m plants and animals, and they 
named it “crystal,” le, clear ice, on the assumption that it 
had been formed from water thru the action of mtense cold 
Later they found that other substances had different but equally 
characteristic shapes and they accordingly extended the term 
“crystal ’ to signify the state of being bounded by fiat surfaces 
rather than to denote the mineral quartz to which the name 
“rock crystal” is still appUed occasionally Further observa 
tions on crystals were not made imtil 1660, when Nicolaus Steno 
a Danish physician, found that the angles between any two cor- 
respon^g quartz crystals were the same even tho the shapes 
and sizes of these faces varied from ciystal *o ciystal Steno’s 
law of the constancy of crystal angles is of fundamental importance 
and on it all subsequent work m crystallograpy has been based 
Steno’s observations were made at room temperature and under 
ordinary atmospheno pressure, and practically all subsequent 
measurements of cryst^ angles have been made under similar 
conditions of pressure and temperature, with the result that these 
two factors have been less carefully considered by crystallogra- 
phdrs than their importance jiossibly merits 

We may look upon a crystal as a system of forces which finds 
eiqiression m the development of the crystal faces and m the 
other ciystallographic properties and winch m turn, exerts a 
defimte influence on external forces, either phyacal or chemical 
withm the range of its action This system is not mvanant but 
has two degrees of freedom, temperature and pressure, and, even 
tho their effects may be relatively slight, yet their reoogmtion and 
study tdin ii ld furnish data of value In phynoal chemistry the 
investigation of the temperature-pressure effects on chemical- 
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physical eystems has led to results of the greatest interest. In 
crystallography the relations between the differential changes in 
the crystallographic properties and the attendant differential 
changes in the optical and other constants should lead to differ¬ 
ential equations which on integration would state the relations 
between the two systems of forces (crystallographic and physical) 
and thus give us information on the character and order of mag¬ 
nitude of the crystallographic forces themselves. It is essential in 
this connection to measure not only the changes in the crystal* 
lographical and optical constants with temperature and pressure 
but also the specific heats at the different temperatures (energy 
changes). The measurement of these properties on a few selected 
minerals is now being earned out at this Laboratory. In the 
present preliminary paper the results of the measurements of 
the changes in the crystal angles of quarts with temperature are 
presented briefly 

Method and apparatus. The quartz crystals were measured on 
the thermal two-circled gomometer described recently m this 
journal.* With this goniometer the position of the normal to 
each crystal face in space was fixed by two anf^es (angular polar 
distance and azimuth angle) for each measured temperature. The 
crystal was mounted in platinum jaws and securely fastened. No 
effort was made to adjust the crystal accurately because it was 
evident that any mechanical device consisting of different mate¬ 
rials would not remain fixed in position over a temperature range 
of 1200’’. The entire crystal was first measured at room temper¬ 
ature and then the furnace heated to a defimte temperature, and 
hold there 5 or 10 minutes; at this temperature the entire crystal 
was remeasured, the temperature bemg held constant during the 
measurement and the angular values on several of the faces re¬ 
peated to insure constancy of poatimi of the crystal during the 
readings. This procedure was repeated at each temperature of 
measurement up to 1250**. By this method adjustment troubles 
are eliminated and the measurement of the entire crystal is com^ 
plete for each temperature and independent oi iRevious adjust¬ 
ment and of any sli^t shifts in potion which may have occurred. 

< Joura Wad). Acid Sd,l'aoa-IOi. ISIS. ^ 
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IPlroin the poeitzon aoglee of the faces thus measured the 
between the umt rhombohedrons over the pole were computed, 
also the angle between the unit rhombohedron and the pnsm face 
immediately below it 

During the measurements the adjustment of the goniometer 
was tested and found satisfactory Readings were made to i' of 
arc, the mrole bemg graduated to }' * At the high temperatures 
the light from the furnace itself is so mtense that an arc light is re¬ 



quired for illuminating the signal The light of the furnace was 
cut out to a large extent by means of a blue filter (Wratten tri¬ 
color blue) which absorbed all of the red and yellow and most of 
the green of the spectrum colors which are most intense m the 
furnace, whereas the arc light emits relatively more blue h^t 
At 1250° the signals observed thru this filter were perfectly 
sharp and the measurements were as easy to make as at room 
temperatures 

Tlie results of measurements are listed m Table 1 and are rep¬ 
resented graphically m figure 1 

* In the reedingi the qusrtere ol nunntee were recorded as foUowe 

thu method of indiostins the quartw minutee wee 
foond eoaveaunt ead ntisfietory u preettoe 
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TABLE 1 



a 



0 Oh 
0 Oe 


0 Oa 
f 
8 

0 Ob 
k 

0 Oc 
d 
1 

0 5i 
0 4i 
0 7i 
1 le 
0 7o 
1 Oo 
0 8f 
1 2f 
1 2f 
1 1 ( 

1 Oc 
0 7c 
0 7t 
1 2h 
1 ah 
1 6h 
1 Oft 
0 8a 
0 8a 

1 2g 

1 5g 
1 5g 
1 7g 
1 Sh 
1 7b 
1 6b 
1 7b 
1 8k 
1 7k 




i 

si 

1 -! 

11 8h 

12 2h 
12 4h 
12 6h 
12 Ok 

11 Ok 

12 3k 
12 

12 21 
11 61 
12 01 
12 M 

12 2e 

11 Oe 

13 2e 

12 4e 
12 7d 
12 3d 

11 Od 

12 3o 

11 7c 

12 2c 

13 3< 
12 2h 

12 6h 

13 Ih 
12 7h 
12 ag 
12 5g 
12 8g 

12 3i 

13 & 
12 8o 
12 2c 
12 4e 
12 lo 
Id Oo 

12 8e 

13 4e 
12 le 
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1144 11 6o 

01 I 112 le n 113 Ok B 11 9o 

91 fi 938 13 3d 1042 12 6h I 11 2c 


2 3g 
24g 

1 iiK 

2 01 

3 61 
2 71 

[12 21 
1239 12 7k 


Nora In this table the different sets of readings are lettered thus a readingi 
made on Oetobra 4, b, on Ootober 7, e, on Oetober 8, d, on October 10, e, on 
October 16; f, on Ootobw 17, ff, on Ootober 18, h, on Ootobw 22, t, on Ootober 24; 
k, on Ootober 27, 1, on Ooto^r 28, 1918 All crystals measured were from Herki¬ 
mer Co , N Y , and were kindly loaned to the Laboratory by the U 8 National 
Musoom (Specimen No 82926) 


In Table 1 the computed changes m ^e polar angle p for the unit 
rhombohedron (lOfl) are given in place of the measured angles, 
which of themselves have no direct significance because the crys¬ 
tals were purposely not accurately adjusted before the measure¬ 
ment. 

The heavy curve in figure 1 represents the average value of the 
observations. At 576^ it has a noticeable discontinuity which 
Ttisrira the transformation of a into 0 quarts; this is accompanied 
by a noticeable change in volume and also in the optical and cry;^ 
tallographioal properties. At the mversion temperature the 
refiexlon gj fcnal* from all of the faces, both ihoml^edron and 
prism^ become tempcraril^ (2 to 6 seconds) hufistinct; the sharp 
signal widens out into a haiy patch of lig^t, moves noticeably and 
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finally regaina ita original sharpness but has usually shifted its 
position noticeably in the field. 

The form of the curve below 575° (o-quarts) suggests an expo¬ 
nential curve. To test this conclusion l^e first, second and third 
derivatives were formed by the method of differences between 
values at constant mtervals on the curve. The curves of these 
derivatives were similar in shape to the onginal curve, thus prov¬ 
ing that the onguial curve can not be adequately represented by 
an ordinary poljmoinial equation up to the fifth degree Accord¬ 
ingly an exponential function of the form 
y - of -I- ft (e‘ — 1) 

was tried with the following results, the constants a and ft having 
been ascertamed from the observed values by the least square 
method ,* 

y- 51“47'.4 - |a0113173f + 0.01335 (e^® -1) | 

Expressed in absolute temperatures this equation becomes 
y - 51“51' 4 - |o 01181732’H-0.00087093e''"| 

* Thu funotion u the simplest combination of an algebraic with a traiuoenden- 
tal function The introduction of the exponential eenee into the equation hae the 
effect of rapidly mcreaeing the elope of the curve near the inversion point On 
forming the second and third differential quotiente of thu function we find that 
<i*V 

^ " A* ' ^ mechanics the first differential quotient u termed the veloc¬ 

ity and the second differential quotient, the acceleration The product, masc tunes 
acceleration, defines the force aoUng If we mterpret the above differential quo¬ 
tients from thu view-point we find that the rate of change in aoodoration of 
angular veloaty with temperature at any time u equal to the acceleration (force) 
itself Thu condition unpliea a force which inereaaee with greatly moreaaing 
rapidity bm the temperature rues and indicates that at some definite temperature 
(675* m quarts) the force has reached such a magnitude that the crystal forces can 
no longer withstand it, a profound change m the internal arrangement results to 
relieve the stresses set up« Simple in^ieotion of the curve indicates that its rue 
near the inversion point u so great that such a condition can not oontmue far 
above 676* 

It IS interesting to note that the exponential function above u timiUr m form 
to that suggested by Dr Adams in the last number of thu Joumal| p 460 All 

such equations reduce on differentiation to the form ^ ^ ^ ^ 

cate clearly that the curve they re p re sen t can not be exproseed by a simple poly- 
nomi^ with positive exponents The introduotum of the expoiiential function 
provides more effectively for the extra rapid rue or fall and consequent straighten¬ 
ing out of the curve than the a«ldition of an extra term to a pdynomUl series. 
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The agreement between the values computed from the first 
equation and the data of observation is indicated m Table 2. 


TABLE 2 


nupaKATuu 

OMBBTBD 

OOKFOTn 

DDTBmBNOa 

0- 

61“ 47' 4 

61» 47' 4 

0' 0 

100 

61 46 4 

61 46 3 

+0 1 

300 

61 46 1 

61 46 1 

0 0 

300 

61 43 8 

61 43 8 

0 0 

400 

61 42 1 

61 42 2 

-0 1 

000 

61 38 8 

61 39 8 

0 0 

560 

61 38 0 

61 37 8 

+0 1 

576 

51 36 7 

» 51 36 7 

0 0 


A check on these values was obtamed from the data on the 
expansion of quartz parallel to the principal axis as detenmned by 
Randdl* and the specific volumes of quartz kmdly furnished me by 
Dr. Sostnan of this Laboratory These values are listed m Table 
3 In Randall’s paper the true expansion coefficients only are 
given. From them the tot^ expansion listed m Table 3 was 
found by Euler’s method of mechamcal quadrature. 


TABLE 3 




TOfAli mZPAM 1 

1 TOTAL B»AM- 

eSTOTAL AJrOLB 

CnnTAL AKOtBi 



VOLUHB 

nOir PARALLBL 

VO uns 

■lOV MOBIIAL 
TO AXIS 

pros toil 

OALOVLAnO 

p roR 1011 
OBSnTRO 

1 

0" 

0 3772 

1 00000 

1 00000 

61*47' 4 

51HT 4 

0' 0 

100 

0 3786 

1 000606 

1 00132 

61 46 5 

51 46 4 

+0 1 

200 

0 3803 

1 001744 

1 00317 

61 46 1 

6145 1 

0 0 

300 

0 3821 

1 002867 

1 00604 

5143 8 

5143 8 

0 0 

400 

0 3846 

1 004240 

1 00762 

6142 0 

61 42 1 

-0 1 

600 

0 3877 

1 006072 

1 01079 

6130 6 

61 30 8 

-0 2 


The change m the crystal angle p of the umt rhombohedron 
with temperature as calculated from ^ese data are given m column 
5, the observed values in column 6 and the differences m column 7. 

agreement between observation and theory is excellent, 
better in fact than might well have been eiqiected from the data 
used. Such close agreement should be considered more or less 
aooidentaL 


* Phyi. Rev, Ml 10-87. 190B 
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11 is of interest to note the siinilari^ in shape between the curves 
representing the changes in othw propertieB of quarts.* These 
are listed in Table 4 and are represented graphically in figure 2 
after reduction to a common unit. From these curves it is evi¬ 
dent that whatever it is that produces the dhanges in quarts as the 
inversion point is approached, the relative changes produced bear 
practically linear relations to one another. This applies to crystal 
angles, total expansion, specific volume, birefringence and circular 
polarisation. The curves representing refractive indices as de¬ 
termined by Binne and Kolb* are, however, somewhat different in 
shape. No satisfactory explanation of this divergence has ye1| 
been found. A redeterminatibn of the refractive indices of quiu1» * 
at various temperatures is being undertaken in this Laboratory. 



In order to form an idea of the energy relations mvolved I ob> 
tained from Dr. White of this Laboratory the values of his deter- 

•The equations which rwtresoit the changes m the different properties of 
quarts with temperature are: 


Birefniigenee, 

^leoifio volume 
IVital expansion, m cal¬ 
ories per gram, 
Exsessspee heat,fCrde- 


y-OOOQlO- 
V 0.8772 + 

V- I + 

8 -. 


01187861-0171105 i)| 10'**; 

01040441 + 0202860 (eiiv-i)',io-*, 
^00008121+0 0061718 (eTW-l) lo***; 

0X0618001 + 0 0200802 1). 


The ccnstants ia th ese Squatuns were cbtrianf hy the least square methsd 
from the data e# eLseivslluu. 

* *NeM|;Jahilmehf6rMhMrs^oglat: 188-108. 1010. 
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muatioiia of tiie mean epeoifio heats of quarts at 100°, 300°, 500°, 
650°, also of the mean specific heats of two normal iwli«At.eH , albite 
ttod microchne, which do not have low tnnperature mvetsion points. 
fVom these vidues the total heats were computed The speoifio 
heats of quartz were oonsutently higher than thosg of alhito and 
microoline which behave like other normal sihoates m their specifio 
heat values The differences between the total heats of quartz 



and microclme for the different temperatures are plotted m figure 
2 The general shape of this curve is similar to that representing 
the change m crystal angles except that its curvature is greater 
and approaches that of a circular arc Altho part of this differ¬ 
ence m shape may be due to experimental etror m the different 
sets of values yet it is an appreciable difference and may express 
rdations of which we are at present unaware It is evident, how¬ 
ever, that m a geaeraHiiray the relative changes m the ciystallo- 
^raphleal and opticid pixqierties of quarts with tenqierature follow 




494 


CLABK CSmOID FAMILT FUCATOCBIinDAll 


the changes in its excess energy content In calcite the change 
in crystal angles with temperature is practically hnear up to 600^ 
This mdicates that m quartz the excess m energy content repre¬ 
sents an mtemal reaction or equihbnum condition which even¬ 
tually causes j^e mversion It will be of interest to study other 
mmerals, showing mv^sion pomts, with re<^>eot to their energy 
content and crystallographical and optical properties at different 
temperatures, also to ascertam the form of the curves near the 
meltmg pomts 

PALAEONTOLOGY — The syatemaixe poaUum of the Cnnotd 
family Phcaiocnnxdae Austin H Clabk, National Museum 

In the preparation of the section dealing with the Crmoidea m 
the new edition (1913) of Eastman’s translation of Zittel’s Palaeoiv- 
tologte, Springer and Clark^ were unable to come to a satisfactory 
conclusion regarding the proper B 3 iBtematic position of the fanuly 
Phcatocnmdae (as defined by us mcluding the genera Plicato- 
cnnua, Hyocnnua Oephyrocnmu, Thalaaaoennua, Ptilocnnua and 
Calamocnnua), which we tentatively placed among the Cnnoidea 
Articulata, just beybnd the comatuhds, the young of which the 
species in this family greatly resemble 

The Articulata mclude all of the other recent cnnoids so far 
discovered and this fact together with the close resemblance of 
the species of Phcatocnmdae to the young of the comatuhds, was 
largely responsible for our placmg this family here But the 
species of the Phcatocnmdae differ from all of the other forms in¬ 
cluded m the Articulata in a number of most important and fun¬ 
damental feature 

1 The t^men is entirely covered with a pavement of sohd 
plates 

2 The orals are always present, they are not plane or sphencal 
triangles, as they are inT all of the (comparatively few) species of 
Articulata which possess them, but their edges are tum^ upwards 
so that instead of presenting five sharp ancles to the mou^ they 

‘When this papsrwM prepared and Mat to pNM Mr Springer wee abeent from 
Waehington but he returned to the eity just before^ pubboatton After a die- 
eoMon of the eubjeot matter he requested me to ada a note etatmg that he is u 
complete aeoord mth my oonehinons as hmu eZp rmeed 
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meet above it m five sharp parallel edges, as do the orals of the 
stalked young of the maorophreate comatuhds. 

3. The calyx is more or less asymmetrical, the two posterior 
radials may be enlarged, as in Calarnocnnus, or there may be a 
very small basal just to the right of the anal area, a^ in Hyocrinus. 
In the young of the comatulids the two posterior radials may be 
larger than the others, and there is always a radianal, situated 
more or less to the right hand side of the posterior interradius. 

4. The dorsal cup is very large, entirely enclosing the visceral 
mass dorsally and laterally, this condition is identical with that 
found in the young of the comatuhds, but only occurs m the adults 
of the Articulata in the highly abeirant Marmpiies 

5. The plates of the dorsal cup are very thin, entirely lacking 
the extensive inward calcareous development so characteristic 
of all the other species of the Articulata, in this the Phcatocnnidae 
agree with the young of the comatuhds, and with the highly 
aberrant pelagic comatulids Margupttes and UttUacnnits 

6 Instead of occupying the enrire distal edge of the radials as 
in the Articulata (excepting only the highly aberrant Marsujniea), 
the arm bases occupy only a small part, as m the stalked young 
of the comatuhds. 

7. There are no infrabasals 

8. There are no pinnules on the arm bases, proximal pinnules 
are, except in a few very exceptional instances among the coma¬ 
tuhds, always present m the Aiticulata, but they are absent m the 
young of the comatuhds until a considerable size is attained. 

9. Tho the pinnules have essentially the same basal structure as 
those of the Ariuculata, they aie in aU ways more generalized, and 
suggest m many ws}^ ramules or degenerate arm branches rather 
than perfect pinnules of the Articulata type; m this they resemble 
the pinnules of the very young comatuhds, or of the growing tip 
of the arm m larger specun^. 

10. The apex of the dorsal cup shows a tendency to form a con* 
cavity for the reception of the column. 

11. The column lacks all trace of the modified oolumnal known 
as the proximale, but adds new segments at its summit thruout 
life; in respect the column resembles that of the young coma* 
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tulids before the appearance of tiie final atom segment, which 
eventually will come to form the centrodonsal. 

12. There are no ouri, the column is attached by a heavy ter¬ 
minal stem plate as in the young of the comatulida. 

A few words of e]q}lanation regarding the column of the Aitiou- 
lata may not be out of place here. The column of the Artioulata 
(entirely absent in the Comatulida Innatantes, the one suborder 
of comatuhds not represented in the recent seas) is entirely differ¬ 
ent from that of any other crinoids for, instead of growing continu¬ 
ously thruout life tluu the formation of oolumnals just under the 
crown, it possesses a definite growth limit at which further increase 
in the number of oolumnals abruptly ceases, and the last columnal 
to be formed becomes attached to the calyx by close suture (usu¬ 
ally fusing with the infrabasals), enlarges, and becomes the so- 
called proximale which is, to all mtents and purposes, an apical 
calyx plate. Immediately below this enlarged columnal or prox- 
imale is another more or less modified columnal to which it is at¬ 
tached by a modified close suture, the so-called stem cysygy 
which, except for a superficial resemblance, has nothing m common 
with the brachial sysygies. 

The typical form of the column in the Artioulata is seen in the 
young of the oomatulids at the time of the formation of the een- 
trodorsal, but this typical form persists m the adults only m the 
genus Th%ol^enainu8f and m the family Pluynocrimdae. In 
such types as the Apiocrinidae the proximale is so enormously 
enlarg^ that it involves with itself m this process a considerable 
number of the oolumnals beneath it, so that a cone shaped series 
of enlarged oolumnals is formed, each of which is a reduphcation, 
progressively less perfect, of the proximale just beneath ^e calyx. 
Essentially the same state of affairs is seen in the Bourgueticri- 
liidae, especially in the recent genus /{ycrifiiM. In the comatulida 
(exceptL^ in the Innatantes, which never possess one) the column 
is discarded at the stem syiygy between the proximale and the 
columnal just beneath it. 

In the young pentacrinite the proximale is foimed exactly as in 
the young oomatulid; bfit the great excess of column growth in¬ 
duces the formation oif pew eo|iimnals between thepcoodmale and 
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the calyx before tiie proximale has time to become attached; the 
proximale therefore becomes pushed away from the calyx, but 
exactly as in the case of the comatulids, cim are protruded from 
it, and it becomes umted to the cohimnal just below it by a stem 
sysygy, these two oolumnals now forming what is known as a nntJnl 
and an infranodal, the nodal (with the cirri) being in origin a true 
proximale, and the infranodal the columnal just l^eath the true 
proximale. Following the formation of this first nodal the pen- 
taorinite proceeds to grow an entirely new column, of which the 
first nodal represents the terminal stem plate, this second column 
grows to a defimte length, and then the same nodal forming proo- 
ees is repeated. Each pentacnnite nodal with the senes of 
intemodals beneath it, therefore, is morphologically the equiva¬ 
lent of the entire column in such types as the Apiocrinidae, Phryno- 
cnnidae, or the comatulids. 

In the adult pentacrinites only nodals are formed just beneath 
the calyx, so that here we have a series of reduplicated proximales, 
just as in the Apiocruudae, but none of these nodals become at- 
«taohed to the calyx, for they are constantly bemg pushed away 
from the calyx by the formation of new nodals At a httle dis¬ 
tance from the calyx mtercalated oolumnals begm to appear be¬ 
tween them, with the nearest of which they always unite them¬ 
selves by sysygy, so that at a somewhat greater distance from the 
crown ^e nodals (proximales), umted by syzygy to the infra- 
nodals, with which they form syzygial pairs, become regularly 
spaced, forming the typical pentacnmte column as we commonly 
find it. 

In the bourgueticrinoid type of column any tifro of the colum- 
nals may be umted by stem syzygy, these double columnals are 
rare m ^e distal portion of the column, but increase m frequency 
toward the crown. Each of these syzygially united pairs of col¬ 
umnals represents an effort to form a proximale which, thru 
excessive stem growih, has been thrust away from the calyx 
exactly as in the case ^ the pentacrinites In addition to these 
thtfe is just under the crown a definite senes of proxunales, cor- 
iwqKmdiog to the continuously growing and indefimte series found 
in the pAt Tfs/winifiMi. To emphasize the ossontial similarity of the 
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columns of the pentacnmtes and of the Bourgueticrmidae it may 
be mentioned that the earliest nodals m the young pontacrimte 
column resemble far more the syzygially umted columns m the 
bourgueticrinoid column than they do the nodals of the adult, 
for they are much elongated, and the cirri are usually defective, 
three, two, or somctuneH only one, in number 

It IS evident that the structure of the Plicatocrmidae m all of its 
details eonesponds \ery closely to that of the young comatulids 
before the appearance of the columnal which is eventually to form 
the centrodorsal, it is also evident that this family can scarcely 
hnd a logical pKibition among the Articulata, from all of the other 
forms m which it differs so radically 

The order Inadunata of Wachsmuth and Sprmger includes Cn- 
noidea m which the arms are ficc above the radials, the dorsal 
cup IS limited to radials, basals, mfrabasals (when present) and 
anal plates, no mterradials nor mterbrachials occur except at the 
posterior (anal) side, and the brachials are never incorporated 
m the cup, all the plates of the cup are umted by close suture; the 
mouth IS Bubtegmmal, the column is circular m section (with very 
rare exceptions), without a proximale. 

It is at once evident that the Plicatocrmidae agree with the mem¬ 
bers of this order far better than they do with those of the Articu¬ 
lata, differmg only in a lack of a distmct differentiation of the 
posterior area, and m the possession of open food grooves and an 
open mouth. But in the Encrmidae, which are referred to this 
order, the posterior area is in no way different from the others, 
while in at least thiee of the recent genera of the Plicatocrmidae 
it IS not quite the same, so that this difference is very slight In 
many of the fossil IncKlunata we do not know the disk, while 
among recent types the genera of the Plicatocrmidae have the 
deepebt food grooves and the nearest approach to a subtegnunal 
mouth, it may bo that in reality this apparent difference is non¬ 
existent 

A rapid survey of the various families of the Inadunata— m 
the suborder Larviformia the Stephanocrimdae, Pisocrimdae, Hap- 
locrinidae, AUegecnnidae, Synbathocrimdae and Gupressoennidae, 
and m the suborder Fistulata the Hyboenmdae, Heterocrinidae, 
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Anomalocnnidae, Cremacnnidae, Catillocnniclae, Belemnocrinidac, 
Dendrocruiidae, Crotalocrmidae, Cyathorrmidac, Botryocruudao 
and Potenocrmidae—cannot foil to give the impiession that there 
IS certainly more than a superficial similarity between these types 
and the Plicatocnnidae As an interesting point it may bo nntined 
that the systematic interrelationships within the family order 
Inadunata are decidedly heterogeneous, and the same chaiacter 
IS clearly reflected within the family Plicatocnnidae. 

While the Pheatoenmdae, bioadly speaking, may be said to 
agree perfectly with these families collectively—that is to say the 
characters presented by the component species may all be matched 
in the order Inadunata and in no other ordei^ -the family cannot 
defimtely be assigned to any certain position Therefore the 
most logical position for the Pheatoenmdae appears to mo to be 
withm the order Inadunata, at the end of the series of famibcs, 
beyond the Potcnocnnidae 

Long ago (1899) Dr F A Bather reached the conclusion that the 
Plicatocrimdae fwhich he divided into Pheatoenmdae and the 
Hyoenmdae) were leally inadnnate forms, and he accordingly 
included them in the Inadunata, which he considered as compris¬ 
ing the Hybocrmidae, the Stcphanociinidae, the Hctoiocnnidae, 
the Calceocnmdae, the Pisociimdae, the Catillociimdae, the 
Zophocrimdae, the Haplocnnidae, the Allegeci inidae, the S 3 rnbatho- 
ennidae, the Belemnocnmdae, the Pheatoenmdae, the Hyoenmdae 
and the Saccocomidae 

Of the four great orders of cnnoids, two, the Camerata and the 
Floxibilia, range from the Ordovician thru the Carbonifeious 
The Inadunata began m tlie Ordovician, one (possibly two) 
famihes persistmg to the Permian, and one to the Trias, m which 
horizon the stalked peutaciimtcs were already developed. The 
Aiticulata began, so far as we can ascertain, in the Trias, and all 
of the fossil t 3 rpes (exceptmg only the Thiolhencnnidac and the 
Eugeniacnnidae) persist in tl^ recent seas It is thus not at all 
surprising that we should find in the recent seas, in addition to the 
dominant Articulata, a remnant of the Inadunata 
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GFODESY — Tnangvlation along the toeat coast of Florida Clabibncii 
H SwiCK Special Publication No 16, U S Coast and Geodetic 
Survey 1913 

This publication gives the results of tnangulation done by the Coast 
and Geodetic Survey and the Engineer Corps, U S Army, on the west 
coast of Florida from Cape Sable to the Alabama boundary and from 
the inland town of Gaincsvillo to the roast at Cedar Keys This, to¬ 
gether with Appendix No 6, U S Coast and Geodetu Survey Rt port 
for 1011, gives all the avmlable tnangulation data for the State of 
1* londa 

Altho only of tertiary accuracy, this tnangulation has a great prac¬ 
tical value m that it furnishes to the geographer and to the engmeer the 
geographic positions of more than 1150 pomts all correlated on one 
geodetic datum The observations mvolved extend over a penod of 
more than sixty years and some of the stations are lost, but m the bays 
and harbors and at other important places along the coast new tnangu- 
lation supplements the old, and, as a rule, the more recent points are 
permanently marked and may be recovered without difficulty There 
IS given the latitude and longitude of each station and the anmuth of 
each line observed over, also all available descnptions of the location 
and markmg of the stations A senes of sketches and an index of 
stations make it possible to find readily the data for any point or locahty 

C H SwiCK 

GEOPHYSICS — Note on the temperatwe in the deep bonng at Findlay, 
Ohio John Johnston Am Jour Sci, (4) 86 131-134 1013 

A record of a senes of temperature observations made m a hole 
dnlled to a depth of 3000 feet m th^neighborhood of Fmdlay The 
temperature gradient m the sedimentary rocks at honsons between 
1100 and 2600 feet proved to be about 0*41C per 100 feet, which is 
smaller than what has been considered the common average value of 
this gradient J J 
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PHYSICb — La mesure des iefnptroivir h Hevies piT le thermomUre d gaz 
Arthur L Day and R B Sosman J d PhyBique (5) 2 727 
749 831-844 899 011 1912 

A translation into French by Prof P Cbappms of High Tempera 
ture Gas Tliermometry (Publication of the Carnegie Institution of 
Washington No 157 1011) The material has been somowhat con 
densed and rarranged and the later work on tho revision of the lower 
portion of the high temperature scale and on the boilmg pomt of sulfur 
( The nitrogen thermometer scale from 300^ to 630*^ with a direct de 
termination of the boiling point of sulfur Am J Sci (4) 33 517 >33 
1912) added * A L D 

ELFCTRICITY— The analysis of aUernaitng current uave^ hf the 
method of Fourier with speaal^ieference to methods of faciltiaUTg 
the computations i W Grover Scientific piper 203 Bull 
Bureau of Standards 1913 

The natural method for the analysis of altematmg electromotive 
force and current curves ib by means of tho tlshsic equations of Fourier 
but on account of the labor involved recourse is often had to graphical 
ot* approximate methods Runge has si ovtn that by grouping similar 
terms the number of terms which need to I o calculated m tho Founer 
method may be materially red iced I ut his work Iocs n t st in to be 
generally known The prebont paper has for its purpose the prosenta 
tion of the method of Runge m a form which shall be >f especial bcrv 
loe m making numerical computations By systematic arrangement 
of the work and by use of tables given the labor of calculation has 
been very considerably redu cd Fxamplcs of the analysis of actual 
expenmentally obtain^ cur\eb are given which illustrate tho methods 
of computation and the practical apphcations which may be made of 
the results of the analyses F W G 

PHYSICAL CHEMISTRY — Tte physical chemistry of Segcr cones 
Robert B Sosman Trans Am Ceramic Soc 16 482-498 1913 

The relation of certom sunpU principles of physical chemistry t tl e 
bebavior of the Seger pyrometnc cones which are widely used in the 
ceramic industry for the mdication of heat effects m the kilns was 
illustrated by expemnents and charts The high temperature cones 
Noe 28 to 42 form a simple two-component senes composed of alumina 
and mhea Their behavior agrees well with the known propcrtich of 
this system mto account the three retarding mfluences (1) lack 

of initial homogeneity (2) slow rate of fusion of silica and (3) high 
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viBcosity of the melt Conofa 5 to 27 are made up of four oxides It 
IS possible to discuss them however as a three component system of 
orthoclase calcium silicate and aluminum sihcate with excess sihca as 
a relatively inactive addition In this system as m the foregoing the 
control exercised by the low melting eutecticb upon the indications of 
the cones is well brought out R B 8 

CjEOI OGY —Are quarUxtalvve phystco chevixcal sludie*^ of rockn prac 
ticablel Abthur L Day Comptes Rendus Congr^s Interna 
tional G^logique XI Stockliolm 1910 Vol II pp 905-967 
An address before the Section on Mineralogy and* Petrography of 
the Eleventh International Congress of Cteologists m which an effort 
was made to show by reference to recent laboratory studies of simple 
mineral relations using phymeo ch^ical methods that these methods 
must eventually find application m the study of the very complicated 
mint ral systems (the ignious rotks) also AID 

G1 OLOGl —The volcanoes and rocks of PanteUena HfnryS Wash 
INGTON J Gool 21 653-070 19H 

Ihs island of Pantellcni was studied m September 1905 and the 
paper dcstnbea both tlie volcanic structure and the petrography of the 
veiy mtc resting lavas 

Puntt Ilena (which lies about half way between Turns and Malta) is 
entudy volcanic It consists of an early large cone composed of 
trachytes and pantdlentes After a large explosive caldera was formed 
m this a second volcamc phase began consisting of the building up of a 
trachyte core withm the ceddera I ater this was faulted and a large 
block tilted down smaller cones and flows of glassy pantcllente being 
poure4 out alxiut this Volcanism ceased with the formation of many 
small basaltic cones on the flanks of the earliest cone 
The important lavas are described in groat detail seventeen complete 
(hemical analyses having been made The trachytes and pantdlentes 
nre interesting because they carry abundantly well developed crystal 
of soda microcline an imusual feldspar the crystals of which are to 
be investigated optically and chemically later Ihe latter rocks are 
also noteworthy for their content in the wre tnolimc sodic omphibole 
cossynte The basalts are of a common tyi>e, but their occurrence here 
m connection with such highly sodic rooks is of interest 
The relations of the lavas to the volcanism were exammed and there 
18 a probable connection between the successive changes m the magma 
and phases of voleamcity a feature eq^parently here recogDited for 
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the first tunc Sue h a connection woujd be of K^eat volcaaologic im¬ 
portance, and as there is evidence of its obtdimnK at other volcanic 
centers, it will form the subject of future investigation 

The analyses of these rocks made by the author show that all the 
earlier anal 3 rBe 8 , which liave been very often cited, are subject to serious 
analytual errors The paper closes with a componson of the Pantel- 
lenan lavEis with those of other regions H S W 

PETROLOGY— The index ellipsoid (opUcdl indicatnx) in petrographic 
microscope v>ork Frfd Euoiijjp Wright Am Jour Sci (4), 36: 
133^138 1913 

In this paper the importance of presenting the subject of microscop¬ 
ical petrography consistently from the viewpoint of the mdox ellipsoid 
as applied to wave-front normals is emphasized The vanous optical 
properties employed m practical petrographic microscope work can lie 
best dcsonbed and explained systematically, by means of the mdix 
elhpsoid The us€ of the bo-calh d “axes of elasticity,” a, b. C, or \ Y, 
Z, m this connection is confusing and only adds to the diffuulties 
encountered by the observer m mastering the subject They should 
accordingly be abandoned and the French usage of naming the princi¬ 
pal axes of the index elhpsoid, a, jS, y (or np, n„, n,) adopted T his 
applies m particular to the different modes now m vogue for expressing 
extmction angles For a given crystal face an extmction angle is simply 
the anfdo betweep a definite crystallographic direction on the f ice and 
one of the axes, a' or 7 ', of its optic elhpso, and this fact should be indi¬ 
cated in the expression for the extincstion angle To introduce “axes 
of elabticity” (a', c', or X', 7/) in this connection is not only needless 
but less direct, as it mtroduces entirely new conceptions which, expon- 
ence has shown, only tend to bewilder the student FEW 

MINERALOGY — Ttoovanel'^e^ of calciovoiborth%ie(?) from hoAlern Utah 
W F Hillebrand and H E Merwin Am Jour Sci (4), 36: 
441^46 1913 

From chemical studies, two minerals from Paradox Valley, Colorado, 
are considered to be varieties of calciovolborthite In the absence of 
optical data concerning the original mmeral, the following optical 
properties, deterznmed from one of these varieties, are assigned to 
oalmovolborthite Color, yellow-green, with no distmce pleochroism, 
biaxial, with strong mchned disiiersion, optically negative for blue and 
pofflUve for red, an* ■■ 2 01, “ 2 05, yju “ 2 10 The optical 

properties give evidence of monochmc s> mmetry W F H 
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CRYS TAT LOGRAPHY — 'The exmuUaneoue crye^UtUxtahon of edict e and 
certain sudfidee of iron copper and zinc H E Mobwin Am 
Jour Sci (4) 1913 

The study of three occurrences of the sulfides of ron and zmo has 
e<3tabl shed the certomty of the leposition of marcamte and the strong 
probabihty of the deposition of wurtsite contemporaneously with oalcite 
The marcasite is d finitely onented with regard o the calcite and also 
to aooompanymg pynte A close similanty between the crystMo* 
gra hic elements of pynte and marcasite is shown HEM 

BOTANY Le fruit mUr et les leunes semis de I Aeglopns Chevahert 
Walter T Swingle Bull de la Soc bot de France 60 406- 
400 Fig A No 5 b^ances dc mai jum bept 13 1913 

As a supplement to the onginal descnption of Aeglopsis ChevdUen 
the btnicture of the npe fruit and the mode of germination are dosenbed 
m detail The shell of the fruit is less woody than that of the other 
genera of the hard shelled group of citrous fruits with the exception of 
Chaetospermum The fruits are slightly pynform at the base and often 
show a low protuberance at the apex The peel is bnlliant orange 
brown The membrane separating the cells is very thin making them 
tnangular m shape 1 hey arc filled with largo flattened seeds immersed 
in a sticky transparent amber colored aromatic fluid The shell of the 
fnut IS made up of two layers the brilliantly colored hardened glandu 
lar skm and a woody layer on the inside of vdiich th^ro arc numerous 
small glands It is thought that these may secrete the sticky fluid sur 
roun ling the seeds A seven-celled fiuit is figured in cross ani longi 
tudmal section 

The seeds germinate quickly and the cotyledons altho they turn 
green remam underground but near the surface The first pair of 
leaves arc opposite sessile and cordiform Ihere is also a second pair 
of oppobite leaves which are distmrtly petiolate This plant differs from 
all others of the tnbe Citreae hitherto studied m ha>mg this second pair 
of opposite leaves Mauds EsLLBBiiAN 

ZOOLOGY — A Reinsion of the cnnoid family Manametndoe Austin 
Hobabt Clark Proceedings of Biological Society of Wash 
ington 26 141-164 1913 

The family Muiametnds as here revised mcludes six genera Pcnlio- 
metra Oxymdra Liparometra (nov) Lampremeira (nov) Dtchromeira 
and Afanameira to which forty nine de^bed species are assigned 
The range of each genus is given together with the reference to the 
original descnption A key showing the differeittud characters of the 
gexiera IS A H C 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

THE WASHINGTON ACADEMY OF SCIENCES 

Th<‘ 86th meeting of the Washington Aeaili-my of Seienei-h, a joint 
meeting with the Anthropological Society of WaE>hington, wah held m 
the Auditonum of the New National Museum, on Monday evemng, 
October 20, 1913 

His Serene Highness, the PuiNch of Monvco, gave a lecture on Re- 
aearchen in oceanography and anthropology, illustrated with lantern slides 
and motion pictures 

The various ingenious devices used in the manifold branches of 
oceanography were dchcribed by the speaker, and their operation on 
hi8 own yacht clearly illustrated by a number of moving pictures— 
pictures that showed not only how the work was done, but also the 
alertness and the zest of the investigator to h^arn new facta 

The remarks on anthropology were confined chiefly to an account of 
the reasons for, and uses to be made of, an Anthropological Institute 
which, thru the speaker’s generosity, is being i‘8tablished in Pans 

W J HvMmniSYti, Recording Secretary 

THE CHEMICAL SOCIETY 

The 228th meetiog was held in Baltimore, at the Physical Laboratory 
of the Johns Hopkins University, on May 17,1913 The meeting was 
called to order at 8 25 p m by W W Randall The following papers 
wi're presented 

Tne theory and application of the selenium cdl, by A H Pfitno Dis¬ 
cussion by Hidell, Cox, Acroe and Randall 

The absorption eiiettra of solutions (Illustrated), by J Sam Gui 

C P Van Gundi, Secretary pro tern 

The 229 meeting was held at the Cosmos Club, on OctolxT 9, 191J 
The following papers were read 

Equilibrium in the system alkali carbonate-silica, Paul NiaoiJ of tin* 
Geophysical Laboratory Presented by John Johnston The system 
MiC^iOi-GOi has been expenmentally investigated for the alkali 
metals sodium, potassium, and lithium. The changes m weight were 
determined of mixtures of alkali carbonate and sdica, under one at¬ 
mosphere of carbon ^oxide, at vanous accurately measured tempera¬ 
tures Tho paper appeared in full m the November Journal of the 
Amenoan Chemcal Society The paper was discussed bnefly by Foster 
and Johnston 


sns 
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New crystaUtne ailicatea of po^Aum and sodium by G W Moret of 
the Geophymcal Laboratory The bomb used for heating mixtures m 
the presence of water at high temperatures was descnbed and shown. 
The properties of the new amcates and sihcate-water melts which have 
iMcn prepared were then briefly covered, and samples were shown 
Th< papier will appear in full in the Journal of the Amenean Chermeal 
Society 

Reports from the Rochester meeting of the general Society were made 
as follows C L Parsons, on the proceeding of the Council, R C 
Wells on the physico-chemical papers, I K Fhelps, on biochemistry, 
J A LeClerc on agricultural chemistry, papers on hygiene, and ex¬ 
cursions, M X bulhvan, on various papers not mentioned in the other 
reports, HiUebrand and Bigelow, on the Smoker, Walker, on the coal 
analysis discussion, and (^ameron, on the fertiliser section The 

a uestion of agreement on analytical methods, raised by Cameron, was 
iscussod by Hillcbrand, who pointed out the need of testing the homo¬ 
geneity of standard samples before sending them out 

The question of the absorption of the American Chemical Journal 
by the American C^hemical Society was discussed at some length The 
meeting decided to take no action m opposition to the decisions of the 
C oirncd and Directors of the general Society 

The 230th meeting was held at the Cosmos Club, on November 13, 
1913 The Presidtnt ^pointed the following comxmttee to represent 
the Society at the McGee Commemorative Meeting on December 6 
F W Clerke, W Blum, F K Cameron, W F Hillebrand and D T 
Day 

The election of officers for 1914 resulted as follows Preetdenif M X 
Sullivan Bureau of Soils Arsf Vice-President, C L Alsbbro, 
Bureau of Chtnustry, £lecand Vic^President, H H Bunifl, Bureau of 
Plant Industry, Seeretary, R B bosuAN, the Geophysical Laboratory, 
Treasurer, F P Djwby, the Mint, Councilors, J A LeClerc, L M 
Tolman and P H Walker of Bureau of Chemistry, and S F Agree 
of Johns Hopkins University, Executive Committee, E C McKblvt 
of Bureau of Standards, R C Wi'LLSof Geological Survey, J Johnston 
of GiophyBical Laboratory and E W Bough ion of Bureau of Chem¬ 
istry 

Robert B Sosman, Secretary 

THE BOTANICAL SOCIETY OF WASHINGTON 

The 13th annual meeting of the Botanical Society of Washmgton 
was held at the Bureau of Plant Industry on Oetob^ 17, 1913, with 
seventeen members present The customary reports were present^ 
and approved and the following officers elected for the ensuing year 
President, C L Shear, Vice-PresidefU, A S Hitchcock, Recording 
jiSecretary, C E Chaubuss, Corresponding Secretary, P L Ricker, 
Treasurer, U H Bartlett Mr F.L Lewton was nominated as Vice- 
President from the Society for the Washington Academy of Sciences. 
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The 90th regular meeting of the Botamcal Society of Washington 
was held on October 6 1913 at the ( osmos Club with forty two mem 
bers and seventeen guests present including the following distinguished 
European botanists frau Dr Brockmann^lrosch Zurich Dr 
Edward RObbl Zunch Prof Cari bcHRdiLR Zunch Prof C von 
Tubfxtf Mumch 

Iho program consisted of bnef informal remarks as follows 
President Stockberqeb An aMldrt^ of welcome to the guests if tht 
Society 

Mr Walter T Swingle Cxiru% planlH of the world an I their im 
portance and use in connection with citrus culture and citrus breeding 
Pi of C von Tubeuf a bnef summary of the results of twent j jears 
work with the mistletoe (Translated by ftof SchrOtor) 

Mr David I<AiRCHiiiD Plant introduction work of the B ireau of 
Plant Industry 

Prof Carl Schkoifr Impressions received dunng the American 
International Phyteographic excursion 

Mr C ARL Kbllerman Nodule production and nitrogen fixation by 
planis other than legumtnosae 

Mr Haven Metcalf The chestnut blight disease 
Mr W E Safford Photographs of buUUtom acacias 

The 91st remlar meeting of the Botamcal Society of Washington 
was held on November 4 1913 at the Cosmos C lub with forty six 
members and five guests present 

Dr Harry B Humphrey* and Messrs O C Husmann and K J J 
I otsy were elected to memberbhip 

The action of the retiring Executive ( ommittee relative to the giving 
of a dinner m honor of tne »ventioth birthday of Dr I dward L 
Greene was called to the attention of the Society by the President and 
a committee was appointed to arrange the details 
The following scientific program was presc nted 
Abbreviations used tn the cUation of botanical literature Prof A S 
Hitchcock The speaker pointed out the different methods um d for 
abbreviating citations the extreme contraction on the one hand such 
as O B Z (Oesterreichische Botamsche Zeitsehnft) and on the other 
the elaborated citations used by some authors in the Pflanzcnrcieh 
Abbreviations should be bnef as possible consurtent with clearness \ ut 
should follow a defimto system Ihe speaker desenbed the system fol 
lowed in abbreviating^citations used in the Contributions from the N i 
tional Herbarium T*he rtcord of authorized abl: rcviations of authors 
and titles is indexed in a card catalog Authors consult this record 
when preparing manuscript for pubhcation thus aiding the editor to 
secure umfonmty 

Non parastttc foliage injury Mr Cari P Harti by Notes were 
given on the effects of drouth and storm on leaves of ornamental trees 
at Washington D C for the past season June and July were hot 
and dry with but 36 per cent of normal rainfall Norway maple cs 
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penally m street planting, suffered nxost from drouth, the margins of 
leaves being killed, in the worst cases whole leaves except parts imme¬ 
diately adjoining the veins died Most other trees, mduding Acer nx- 
brum, escaiied serious leaf injury A northeast storm with hail and a 
66-mile wind at the end of July inured many species, especially sumr 
maple and Amencan basswood. The storm injury to maple resulted m 
the death of part of the leaf at the margin and between the veins, with¬ 
out laceration or other external indication of mechamcal mjury These 
storm-injured mapledeavcs could be distinguished from those hurt by 
drouth only by their limitation to parts of trees especially exposed to 
the storm 

Ptifalls tn plant pathology Dr H. W Wollenwebbr A revision 
of the hundreds of species of Fusarium in literature has led the speaker 
to believe that the g(‘nu8 Fusanum contains only 30 to 50 different 
forms A sharp criticism was given to mycologists who send unre¬ 
liable specimens to the international ‘‘Pilscentrale” in Amsterdam 
Many errors are caused by the earlier opinion that Fusana as a rule 
are adapted to one particular host Upon receiving a ri^quest for a 
particular wound-parasitic Funanum even the author of that specieh 
IS liable to make the following mistake He isolates from a diwased 
bpocimen a fungus, which he sends to the inquirer when it has produced 
sickle shaped spores which he thinks belong to species previously de- 
senbed by him UiKin a second request perhaps a year latiT he would 
isolate himilarly from another bpecimen of the same host presuming to 
obtain the same fungus The speaker by chance checked up the strains 
sent under the same name to three different places at various time by 
the bomc author and found two different species Careful reference to 
the source and the method of isolations and determination are required 
to eliminate mistakch of this sort 

If one IS unfamiliar with the method used to develop sporodochia 
with normal spores he might consider a subnormal spore as normal 
This leads to another pitfall, where diagnoses of the same species disagree 
and the subnormal fungus is described as new An example of this 
kind IS F inchoihcaotdes Wr, woimd parasite of the potato, a fungus 
the early stage of which is described as F tubenvomm by Wilcox and 
Link 

Nectna tpomoeae Hoisted is mentioned as an example of a species 
fumibhmg many pitfalls This is a cosmopohtan saprophytic aacomy- 
cete which crosses the path of vanous specialists This fungus is called 
Nectna tpomoeae when isolated from Ipomoea, N coffetcola when from 
Coff<'a, N canen, when from canker spots of Theobroma, N vandae 
when from Vanda 

Nectna dtscophora Mont has been four tim^ described as a new 
species by Paul HenmngB, as pointed out by v Hbhnel and Weese, 
simply b^uBo it looked (Cerent when collected from various hosts m 
different stages of its development. In pure culture all these stages 
could be easily imitated by special treatenent and the mistakes once 
discovered lead to a remarkable simplification of the nomenclature 
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The perfect form has been obtamod from vanom funfp with Fusana- 
liko spore forms They belong to such genera ai (hbberella, Neetna, 
Hypomyces, Calonectna and Noocofemobpora But the conidia of these 
ascomycetes have not sufficient relationship to Fusaria without known 
perfect form to justify identification with any species of Fusarium sec- 
tions, such as eUgan^y discdoTy martteUay roaeum and gibboaum 

In nc^ectmg such facts wo would be exposed to a pitfall in the fol¬ 
lowing case Fwmum cidmorum W CJ. Smith (F. rubiginosum App 
& Wr.) has comdia looking so much like small conidia of Gibherella 
SaubineUt (Mont) Sacc that they seem to bo identical The iormovy 
however, develops chlamydospores and no perfect form, the latter no 
ohlamydospores but the perfect form under culture conditions If wo 
overlook this we may conclude after having proved one strain to have 
GtbbereUapentheciay that we also have proved F cuiynorum to bo a Gilv 
berella Literature is n(;h with such errors 

Serhona of a foaatl wood from asphalt lake near fjoa Angeles, Cal 
Dr Albebt Mann TTiin sections of the petrified wood were exhibited 
under a microscopic which showed fungus hyphae Brief notes were 
given as to the apparent method of the growth of the fungus and the 
possible identification of the tree was discussed 

P L Rtckek, responding Secretary 

THE BIOLOGICAL SOC^IRTY OF WASHINGTON 

The 414th regular meeting was held at the Cobiuos Club on October 
18,1913, with former President L O Howardin the chair and 01 persons 
present 

The program consisted of thn*c commuiucations 
The Fe&rol miqraiary bird legulationh and their asaistancointhe con^ 
servation of bird life tv Ameiica T H PujMER The bpeaker outlined 
briefly the history of the WcH'ks-McLean Bill, approved March 4, 1913, 
and of the adoption of regulations for its enforcement which have lieen 
promulgated by the Department of Agriculture under proclamation of 
the Resident ^ted October 1, 1913 Maps of the winter and breed¬ 
ing ranges of some of the species of birds affected were shown, togc»thcr 
with another showing the division of the country into two zones Rea¬ 
sons were given for the exceptions m certain Htates to the general closed 
season In general the beneficial effects upon the bird life of the coun¬ 
try expected as a result of the enforcemi*nt of the Federal law were 
pomt^ out Hugh Smith and Col Joseph H Acklen took port m 
the discussion which followed 

The breeding of the loggerhead turae W P Hay The commumca- 
tion was accompanied by lantern slides It was an account of observa¬ 
tions, of the habits and reproduction of the diamond-backed terrapin 
And the loggerhead turtle made at Beaufort, North Carolina This 
place 18 near the northern limit of the distribution of the loggerhead 
turtle AT^d the speaker was of the opinion that normally in thislatitudo 
few of the eggs of the species are left to hatch and that the young 
from those that may hat<m all pensh with the first cold weather 
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The first year’s results tn breeding some Bahama shdls (Certon) on 
the Florida Keys Paul Babtsch A fonner commumcation by the 
speaker gave an account of the transfer of two races of Cerion from the 
Bahamas to various Florida Keys. The present paper was an account 
of observations of the condition of the new oolomes at the end of the 
first year. In general they have prospered and m several localities have 
reproduced young 

The 616th meeting was held at the Cosmos Club on November 1, 
1913, with President E W Nelson in the chair and about 60 members 
present. 

Under the heading Brief notes andexhibihonof speamens, C Dwiqrt 
Marsh related on observation in Montana of a noise made by a bull 
snake (Ptluopkis aayi) which was in close imitation of that m^o by a 
rattlcsiWie The sounds were made by the respiratory organs and 
were observed by a number of persons 

REQITLAR PROGRAM 

A D Hopkins spoke of Depredations by forest insects and their con¬ 
trol He rave a brief historic^ sketch of early insect invasions of for¬ 
ests and of the means adopted to combat the pests The greater part 
of the paper was devoted to depredatioiiB of which the author had 
personal Imowledge The efficacy of modem methods was pointed out, 
especially the control work undertaken by the Bureau of Entomology 
in collaboration with the Umted States Forest Service. These have 
been generally ailopted by large private holders of timber lands and 
much saving of valuable timber has resulted 

Paul Babtsch gave an account of the results of dredging for mollusks 
at Chmeoteague, Virginia In two days collecting eleven newspecies 
were found The hpoaker gave an account of some personal expen- 
ences and observations on the island He was followed by W P Hay. 
who also spoke of his experiences during a visit to Chmeoteague and 
gave some mteresting historical notes of the place 

D. E Lamtx, Recording Secretary 

THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 

At a special meeting of the Anthropological Society on November 4> 
1913, Dr John R Swanton read a paper entitled The Indian village- 
Dr. Swanton stated that while it is a common notion that country life 
preceded urban life this view is hardly correct, urban life m its germs 
going back probably almost as far as man himself He then took up 
the various factors tending to produce the village, determme its char¬ 
acter, and siibseiiuenty Imt it tiMrather. These he found to be of 
thvee orders, material, social and r^gpous. Among the first he enumer¬ 
ated material available for the construction of houses, poation with 
reference to the food supply and fresh water, and ocoasionidly also 
position with reference to the sun. Among sodal factors he tivated 
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trade, deaire for exchange of ideas, need of mutual protection and rela- 
tionsmp, espeoialW in the peculiar form it asHumed under totemism 
Finally the growth of a village or town cult was traced from the prac¬ 
tical independence of shamaiubm pure and simple to the complete 
town ntual, sometimes directly, sometimes thru the fusion of clan 
ceremomes, and sometimes thru the rituals of religious or other soci¬ 
eties. These TOCtors were illustrated by reference to the tribes of the 
north Pacific coast and the gulf area A possible evolution was sug¬ 
gested m three stages, first the haphazard collection of hunters, hhhers, 
or perhaps agnculturahsts, in a ccTtain spot, second the development of 
social relations among them, particularly tliru intermarriage, and tlurdly 
a religious seal or stamp of umty, tho it was not the writer’s intention to 
set this up as a hard and fast process of involution It was nuteil that 
totemic clans among some tnlies might have l>een evolved in a smular 
manner In conclusion a short comparison was made between the Indi¬ 
an village and tho modern city, attention being called to the fact that 
in the latter the most important dotcrminmg factor is trade, while in 
the former relationship, religioub observances, and to some extent 
motives of protection wore much more prominent 
The subject was discussed at some length by Mr J N B. Hnwirr, 
who confined his remarks to tho village in the social organization of the 
Iroquois The basis of the social orgamzation was actual or fictitious 
blood kinship traced thru tho mother The cohesivc^ness of tho several 
umts was obtained thru the ties of duty and privilege sutmisirng be¬ 
tween clans muted by the marriage of their sons and daughters The 
clans were organized into two brotherhoods of elans, one of which i op- 
resented the masculine and the other, the fcmimne, m nature I’his di¬ 
vision was maintained m all public meetings The one side was there¬ 
fore called the father side,” and the other, the child side,” which of 
course was the “mother side ” Strong lines of actual or artificial kin¬ 
ship and cleavage existed between these two groups The clansS to- 
teim have no espeaal relimous sigmficanco at present, that is, there are 
no ceremomes m honor of them That there were such m early times 
is quite possible The decadence of the worship of the clan totem was 
pr^ably due to the unification of the clan government into that of the 
tnbe, and later, of the tnbe into that of the confederation The great 
mfluenoe of the council of women, composed of mothers only, in the 
affairs of tho village and tnbe and conf^eration was emphasized, and 
illustrated by the effectiveness with which they could stop ov prevent 
a war. They needed only to forbid their sons to engage m warlike 
activity under penalty of becoming outlaws to the tnbe and confedera¬ 
tion The gradual adoption of the Tuscarora tnbe of North Carolina 
by the Iroquois League on motion of the Oneidas as their sponsors was 
desonbed, the Tuscaroras being first regarded as infatits, then as boys 
who were not allowed to take part in the wars and councils of the Jjeague, 
and then, finally, as wamors having their chiefs to represent them in 
the Federal Council of the League 

Daniel Folkuab, Secretary 
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ANNOUNCEMENT OF MEETINGS 

The Wobhington Academy of bciences will hold a jomt meetiog with 
the Philosophical Society on December 4at815pm m the C^mos 
r lub Assembly Hall Prof Jlan Plrrin Professor of Physical Chem 
ibtry at the University of Paris will address the Acadeno^ on Brownian 
moiement and moUcidai realtij 


NINETFFNTH INTERN AIIONAL CONGRESS OF AMERICANISTS WASHING 
TON D C OCTOBER 5 TO OCTOBER 10 1914 

Prelit unary noitee 

Pursuant to arrangements made at the Eighteenth International 
C ongress of Ameneanists in London 1912 the Nmeteenth Congress 
will meet in Amenta in 1914 m two Sessions the first atWashmgton 
D C and the secon 1 at La Pa/ Bolivia 

Ihe Session at Washington will 1)0 held under the auspices of the 
Smithsoman Institution in ccoperatun with the George Washington 
Umvcrsity Georgetown Umversity the Catholic University of Amer 
lea the Anthropological Society of Washington and the Washington 
Society of the Archaeological Institute of America 
During the Session an excursion will be made to the higlily interest 
ing abongmal quarry and workshop at Pmey Branch D C 
and following the Congress it is expected that two excursions will 
be arranged one to Olno for the exazmnation of ancient mounds the 
other to New Mexico for the study of ancient ruined pueblos and 
cliff dwellings as well as of the present Put I lo Indians in their native 
environment 

T> avnd delay in announcements and to facilitate the organization 
of the Session those who desire to become members are urgra to com 
municate as soon as practicable with the Secretary giving the titles of 
paperb which they wish to present before the Congress together with 
a brief summary of each 

Al£s HrdliSka Secniary 
U S National Museum 
Washmgton D C 
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TERRESTRIAL MAGNETISM — Preliminary reavlts of a first 
analysis of the sun s general magnetir field ‘ L A Baxiek, 
Department of Terrestrul Magnetism C iniegie Institution 
of Washington 

The question whether the sun like the earth, is surrounded by 
a magnetic field, received renewed interest from Hale’s certam de¬ 
tection in 1908 qf magnetic fields in sun-spots, by means of the 
effect of magnetism on hght discovered by Zeeman m 1896 Pre¬ 
vious investigators had shown that for a direct magnetic effect 
{ittnbutable to the sun to be readily measurable on the earth the 
sun’s magnetic moment would have to reach a very large fig¬ 
ure Accordmgly our surmises hitherto have had to be confined 
exclusively to certain phenomena exhibited by the coronal stream¬ 
ers and motion of solar prominences and by polar lights and 
magnetic perturbations 

It is a source of extreme satisfaction therefore that the means 
were given Hale to mstitute a direct attack and undertake the 
systematic detection of a possible general solar magnetic field, 
employing the same method which had proved successful in the 
case of sun-spots As the probable field-intensity now was on 
the order of about one-tenth to one-hundredth of that encoun¬ 
tered m the spots, the instrumental difficulties seemed almost 
insuperable ffhe observed displacements of the spectrum hnes, 
to be ascribed to the sun s general magnetic held, are, m fact, 
found to be so small that but for the supenor instrumental apph- 

> Presentod before the Pfailoeophioal Society of Washington November 22 1913 
To be publiahed more fully in J lerr Mag and Atmoe Eleo 19 1914 

♦ *618 
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anoes and refined methods employed, thoy would have been re* 
garded as falling withm the limits of error of spectroBoopio 
work After a very labonous mvestigation extending over sev¬ 
eral years, m which various persons took part, and instrumentBl 
appliances were employed such as are only to be had at the 
Mount Wilson Observatory, Hale felt justified m wiAln-ng some 
announcement of the results obtamed His report on his “pre- 
hminary results of an attempt to detect the generi^l magnetic 
field of the sun” was published m the July 1913 number of the 
Astrophysical Journal * 

All observations have been made thus far with the sht of the 
spectroscope set on the sun’s central mendian The measured 
displacements, suffered by the Imes of the solar spectrum when 
the glowing vapors, from which they originate pass thru the 
magnetic field, are those due almost exclusively to ^e component 
of the field at n^t angles to the sun’s axis of rotation The 
reason for this is a two-fold one First, the tefrestnal observer 
of solar phenomena is nearly alwajrs in the plane of the solar 
equator so that his hne of sight is practically ^ways perpendicu¬ 
lar to the sun’s axis of rotation Twice a year, about Decem¬ 
ber 5 and June 3 it is exactly so, and midway between these 
dates the maximum deviation from perpendicularity is but 
Secondly, the certam detection of the small displacements must 
at present be confined, because of the comparative weakness of 
the field, to the Zeeman effect obtamed when lookmg along the 
hnes of magnetic force The detection of the effects at right 
angles to the Imes of magnetic force, and the possibibty of thus 
measuring also the component of the sun’s magnetic field par-% 
allel to the axis of rotation, appears almost hopeless Altho 
the solar magnetician is therefore not able at present to map 
the magnetic forces prevaihng over the sun with the same com¬ 
pleteness and defimteness as can be attamed with respect to the 
earth’s magnetic field, nevertheless, much has already been 
accomplidied 

' Boo alao hu pr^miaary note in J Tatr Mag and Atmos Elec, IT 178 
1912 

It 



BAUBB' ANALTBI8 OF TQB BUN'S MAGNBTIC FIELD 516 

In Hale’s published report, Uie Zeeman di^lacement which 
had been detected with sufficient certainty, was tabulated for 
various heliographic latitudes for the thm Imes. X6812.139, 
X5828 097 and X5929.808, all of lahich probably originate at com¬ 
paratively low levels on the sun. The present analysis is based 
entirely on these pubbshed data and, since these are designated 
by Hale as prelinunary ones, the results derived accordingly from 
this analysis must be regarded as wholly prehminary and as 
likely to be superceded by later ones which may be based upon 
more extensive observations The prune puipose here has been 
to ascertain if precisely the same method of analysis be employed 
for the solar magnetic data, as for the terrestrial magnetic data, 
some indications, at least, are obtamed to show whether or not 
the magnetic fields of the two bodies follow somewhat analogous 
laws. In order to obtain strictly comparable data, it was neces¬ 
sary to make at the same time a fresh analysis of the earth’s 
magnetic field on the basis of the same magnetic component m- 
volved m the solar data, and applying to the region 60* north 
to 60* south. 

The chief results deduced from this first analysis of the sun’s 
general magnetic field are 

1 The magnetic axis, as determined from the published data between 
the parallels 60* north to 60° south and for the four senes of observations 
between January 1012 to February 1913, is found to be mclined, for the 
sun, 9* to 12* to the axis of rotation. The same angle of inelmation 
for the earth was 11?6, m 1885 

2 The sun’s magnetic field is asymmetncal about the equator m 
much the same manner and in the same direction as is that of the 
eartL It is quite possible that the sun’s actual magnetic poles, or 
equivalent points, as m the case of the earth, will be found not to be 
diametncal^ opposite each other 

3 The a^^B determined four instwts, distnbuted over a year, 
when the north end of the sun’s magnetic axis was on the central me- 
ndian Smee a whole number of rotations of the sun must liavi* oc¬ 
curred during the intervals between the four instants, it was possible 
to determine a period of rotation which apphes, perhaps, to the sun as 
a whole, instead of to the surface, as is the case with the methods hith¬ 
erto used. The synodic period of nearly 33 days which represented 
the present magnetic data best, differs considerably from the period 
usuculy regardedu the solar rotation period. It will therefore bo bighljr 



516 BAUXB’ ANALYSIS OF TEX BUN’S MAGNlinC FIELD 


unportant, from a oosmical standpoint, to test the new penod as soon 
as additional aones of observations are available It may also play 
an important part m the discovery of the cause of the sun-spot cycle, 
however, the period obtained must be regarded at present as but a> 
preliminary one. 

4 It 18 foimd that the solar magnetic field is as complex as that of 
the earth and that the distorting or disturbing systems which are super¬ 
posed upon a primary, simple magnetic field follow laws very similar 
to those disclos^ m the study of the terrestrial magnetic field. Thus, 
for example, the plane containing the magnetic axis of the sun is dis¬ 
placed m passmg from the northern to the southern hemisphere in 
precisely the same direction, eastward (in the direction of rotation), as 
was found to lie the case with the earth’s magnetic axis. Accordingly, 
to give the requisite precision to the term "magnetic axis,” the region 
from which it is determmed must be carefully stated, as well as the 
method employed for fixing its position 

The close analogies that thus appeal to exist between the 
magnetic field of the sun and of the earth, coupled with the fact 
disclosed by Hale that the magnetic polarity of the sun corre¬ 
sponds to that of the earth, may possibly indicate, since the direc¬ 
tion of rotation of the two bodies is the same, that the origin of 
both magnetic fields will have to be referred finally to similar 
causes. In any case, the fact that the sun’s field turns out to be 
as complex and as irregular as that of the earth and that these 
apparent irregularities follow similar laws for both bodies, would 
seem to strengthen the conclusion already reached in the investi¬ 
gation* of the terrestrial magnetic field, that it may not be neces¬ 
sary to refer the cause of the nou-comcidence of the magnetic 
axis with the axis of rotation chiefly to heterogeneity of structure 
of the bodies under discussion. 

’ A cotiaifltent theory of the origin of the earth’s magnetio field Thui Journal, 
S 1 1913, and On the ongin of the earth'a magnetio field (Phye Rev X S, 

1 256 1913 
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RADIOTELEGRAPHY —Further comparison of arc and spark 
radio transmission L. W. Austin, U S. Naval Radio Tele¬ 
graphic Laboratory 

In order to make a comparison of the relative desirability of 
arc and qiark transmission under summer conditions, a test was 
earned on between the Arhngton station and Colon dunng the 
months of July and August of the present year This tune was 
chosen for the test on account of the fact that the Hi gnftlH are 
weakest at this penod of the year, while at the same tunc the 
atmo^henc disturbances are the strongest, so that the test may 
be considered as earned on under the most trying conditions 
Hitherto all the long distance tests earned on by the Navy De¬ 
partment in connection with Arhngton have been made dunng 
the winter months, when atmosphcnc disturbances are at a min¬ 
imum and all conditions are favorable to long distance tmns- 
nussion It was especially wished to make a companson of the 
relative desirabihty of arc and qiark transmission under summer 
conditions in order to determine whether the conclusions favor¬ 
able to the arc, which had been drawn from the Arhngton-Salem 
tests, would be supported. 

For this work a 100 k w Poulsen arc belonging to the Uni¬ 
versal Radio Syndicate was available for ccfmpanson with the 
regular rotary gap set of the Arlington station The regular 
experiments began on July 25 The distance from Arlington to 
Colon IB 1780 nautical ihilea From the formula deduced from 
the Brant Rock expenments, the Arhngton signals, at a wave 
length of 4000 meters, should be famtly audible at this distance, 
using a sensitive crystal detector and an antenna 200 feet high. 
As a matter of fact, the signals are just below audibility with 
ordinaiy detectors, as is shown from their strength on the more 
sensitive ticker This fact may be due to the passage of the 
waves over Cuba, or to other conditions of transmission in this 
portion of the world. 

The receiving work at Colon was done by Chief Electrician 
Meneratti, assistant at the Naval Radio Laboratory The re¬ 
ceiving apparatus used consisted of a Federal receiving set, which 
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is especislly efficient at the longer wave lengths, a dipping eon- 
tact ticker, and a Fessenden heterodyne. The regular antenna 
of the Colon station, 180 feet hi^ and of about 0.004 m.t^ 
capacity, was used for the work. Tbe arc signals were sent ou* 
from Arlington at wave lengths of 4000, 6000, 0000 and 7000 
meters. Two wave lengths were used with the spark, 3600meters 
and 2600 meters The latter, however, proved so unsatisfac¬ 
tory at this distance that its use was abandoned after the first 
few days. 

On account of the contmuous atmo^henc disturbances quan¬ 
titative comparisons were of little value. The following table 
gives the number of schedules sent at the various wave lengths, 
and the corresponding number received. 
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The table shows that the best results were obtained with the 
arc at 7000 meters, every schedule bring successfully recrived. 
The same is true of the 5000 meter arc waves, but in this case all 
the work was done at night which prevents its being properly 
compared with the other schedules. The 4000 meter arc and 
the 3500 meter spark waves, which may be fairly compared, were 
received with the same degree of regulanty and were of approxi¬ 
mately the same strength as compared on the slipping contact 
ticker. In this connection it must be remembered, as will be 
explained later, that while 00 per cent of the spark schedules 
were weakly audible on the heterodyne or ticker, piaetioaUy 
none of the messages were readable. It appears from the report 
that 50 per cent of all the arc mesaages sent at the various wave 
length, that is, 66 per cent of the arc schedules heard at all. 
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would have been oompletdy readable by double repetition. The 
veiy poor showing of the 6000 meter wave, compared with the 
4000 and 7000 meter waves, is probably due to a defect in the 
receiver at this wave length. 

One of the most interesting portions of the work was the study 
of the behavior of the ticker and heterodyne under the condi¬ 
tions of continuous atmosphenc disturbance at Colon. The re¬ 
ports indicate that the heterodyne is somewhat more sensitive 
than the ticker, but that the difference is not very great With 
spark signals the note produced by both is unmusical and diffi¬ 
cult to distinguish from the atmospherics, and both are inferior 
to a good crystal detector m receivmg weak 600 cycle signals 
thru continuous atmospherics With arc signals, however, the 
case IB entirely different. Here the shppmg contact ticker pro¬ 
duces the same rustlmg sound as in the case of the spark, but 
the heterodyne produces a musical note of any pitch found most 
suitable for reading thru the disturbances 
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Authors of scientific papers are requested to see that abetraote, preferably 
prepared and signed by thonsel ves, are forwarded promptly to the editors Eaoh 
of the scientific bureaus in Washington has a representative authorued to for¬ 
ward such material to this journal and abstraota of official pnbhoatuma should 
be transmitted thru the representative of the bureau in which they onginate 
The abstracts should conform in length and general style to those appearing in 
this issue. 

GEOPHYSI('-y —The hydrothermal formation of mltcatea, a remew. 
Gkorob W Moret and Paul Niguu J Am Chem 8oc,86: 
lOW-1130 1913 

This 18 a disouhsion of the theoretical pnneiplei) underlying the be¬ 
havior of water-silicato systems at temperatures ranging up to .500°, 
followed by an annotated bibhography m which are assembled all of 
the data relating to hydrothermal syntheses These data unfortu¬ 
nately alford praetioally no rehable quantitative information, quah- 
tativelv, even, they leave much to be deured, for many mmerals have 
been obtained but once by a given investigator, m a manner which was 
not reproducible and under conditions which wore not specified The 
minerals which have been most commonly obtained are chiefly those 
which are stable—or at any rate phanerostable—over a wide range of 
conditions, for example, quartz and the feldspars In all C 4 ise 8 the 
crystals obtained are very small, so that accurate chemical analysis is 
usually out of the question, their identification by optical methods may 
even bp doubtful 

Hydrothermal syntheses, bke the paragenetic relationships investi¬ 
gated by Van’t Hoff, are determmed by the solubdity relations of all 
the possible solid phases which may be formed from the components 
pn‘<H>nt m the solution, even altho the concentration of these components 
in the solution is vani&hingly small Many of the reactions are, without 
iloubt, practically restneted to the sohd phase, altho they take place 
thru the medium of the solution These solubihty relationships are 
thus not bunplc, but study of the question is further complicated by the 
frequent appearance of metastable phases, which again is cohrdinated 
with the rates of the vanous possible reactions Now, as is well known, 
rates of reaction are often affected very greatly by factors which in 
other respects are of altogether mmor importance, hence slight differ¬ 
ences, e g, in the composition, or even m the teocture or fineness of 
gram, of the imtial sohd phase-may exert considerable influence on the 
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result These considerationB serve to show that there may in certain 
cases be difficulties in the way of always beinfc able to reproduce a given 
result, in order to do this m any case, it is necessary to control carefully 
the amount of water relative to the volume of the containing vessel 
(the degree of filling), the temperature, and, if possible, the pressure 
also. The critical point of water is only a secondary factor in deter- 
minin g the nature of the product, its mfluence being effected principally 
thru the change m concentration of the solvent (liquid or fluid) m the 
neighborhood of the critical point 

The thoro investigation of hydroUiermal syntheses is beset with many 
difficultaes, apart from the technical problems inherent in operating on 
heterogeneous systems within closed bombs at high temperatures 
Nevertheless our knowledge of the real relationship of these mmerals 
can be advanced materially if care is taken to control the factors m- 
volvod, the most important of which are the initial composition of the 
system (including therein the relation between the amount of water and 
thevolumeof the bomb) and the temperature G W M andP N 

PHYSICS —Defisihes at high temperatures Abthtjr L Dat, R B 
SoBMAN and J C Hostetter Am Jour Sci (4) 1913 

The existing and rather conflicting data on the volume change of 
rocks on fusion are reviewed bneSy A method and apparatus is de¬ 
scribed for the determination of the specific volume of metals or of solid 
or fused silicates from 200® to 1600® The basis of measurement w the 
expansion of artificial graphite, which was dcUTniinod from 20® to 1500® 
Volume curves are given for tm, lead, and the eutectic of leail and tin 
Measurements were made on quartz up to 1600®. The volume of 
quartz increases more and more rapidly as 575® is approached At this 
point the inversion takes place to the high-temperaturc form, whose 
volume decreases slightly with rising temperature Between 95G® and 
1260® gasses are given off. Aliove 1300® the volume is increased greatly 
by the formation of cristobahte Granite shows the same form of curve 
as quarts Above 600®, however, it is not possible to obtain its true 
volume expansion because of the shattering and permanent dilation due 
to unequal expansion of the minerals and to escape of gasses The same 
IS true of crystalline diabase 

The curve of glassy diabase can be obtained, however. The glass 
crystidliies with oontraotion of volume at about 900®, then begins to 
fuse again at about 1160®. On cooling, the liquid again crystaHizes with 
contraction* This behavior explains completely the results of Bams, 
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which have been widely quoted A recalculation of his data on the 
basis of redetonnination of his fundamental volume show them to be m 
good agreement with the new measurements. The bearing of these 
data upon the occurrence of “floated” slabs of rock in the Palisade 
diabase is discussed A L D. 

CHEMIBTKY .—A m^od for the determtruUton of magnentim in eal- 
aum aalta J. C Hostettbb. J Am Chem. Soc 1913 
The usual methods for the determination of magnesium m the pres¬ 
ence of calcium are not apphcable when the latter element amounts to 
as much as 1000 times that of the magnesium The essential feature of 
the method here presented is the concentration of the magnesium mto 
a precipitate containing but a small amount of calcium This concen¬ 
tration IS effected by precipitating Mg (OH)i with a shght excess of 
solid Ca (OH)t The magnesium in this precipitate is detemuned as 
pyrophosphate after removal of the calcium by two oxalate precipita¬ 
tions Determinations in some 30 highcst-grade calcium salts show, 
generally, far more magnesium than reported by the makers 

J C H 

PHYSICAL CHEMISTRY — The phenomena of equ%htmwn between 
athca and the alkali carbonaten Paul Niooli J Am Chem Soc , 
85 : 1692-1727 1013 

This IS a record of an experimental investigation of the equihbnum 
between sihca and melted alkah carbonate, at temperatures of 900- 
1000° and under a pressure of 1 atm carbon dioxide A senes of ex- 
penments were made with the carbonates of potassium and sodium, and 
a few with hthium carbonate The systems R«O-Si0i-COt (R » K, 
Na, Li), under the above-mentioned conditions behave similarly on the 
whole, and differ only in details Sihca added to alkali carlxmate is 
tiansformed mto sihcate as long as any carbonate remains. In the 
melts there is equihbriura between carbonate and pairs of silicates, as 
follows 

I KsCQi +K,SitOit::i2KtSiOa + COk 
II NaiCOi-l-NaaSiOa^NaaSiOa + CO, 

III (presumably) 21itCOi + LiaSiOa^ LiiSiO« + 2C0i 
The solid phases, which separate from the melts, consist of sihcate 
or carbonate, but oontam no free sdioa until the proportion of sihra 
exceeds that corresponding to the higher silicate. The amount of car¬ 
bonate depends only on the ratio B«0/SlQi, when external conditions 
are constant, when this ratio becomes identical with that of the ailicate 
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richer in silica, the melt is free from carbon dioxide In each case the 
compound contaming more silica la the poorest m sihca which can be 
prepared pure at the particular temperature merely by putting to¬ 
gether carbonate and sihca Moreover, nse of temperature, the pres¬ 
sure remaining constant, favors the lower silicate 
The study of systems of this type is important because their liebavior 
serves as a simple prototype of that of the magma, which is a highly 
complex system contaimng both volatile and non-volatile components 
The so-called '^mmeralisers’' are merely volatile components, the effects 
of their presence differ only in degree from that of the other components 
The mam difference is due to the vastly greater effect of changes of 
pressure and of temperature on the concentration (m the melt) of the 
volatile component, by reason of the close relation of the concentra¬ 
tion to that of the gas phase itsc If In consequence of this, there is a 
''mobihty” of eqmbbnum which is characteristic of the magma and 
without doubt very closely associated with many aspects of its liehavior 
c g , with the likelihood of eruption, chfferentiation, etc P N 

MINERALOGY —The melting phenomena of the plagioelase feldsparb 
N L Bowen^ Am Jour Sci (4), 36: 577-599 1913 

The method of quenching was applied to the detcrmmation of the 
melting mtcrvals of pure, artifi( ul plagioelase feldspars It was found 
possible to determmo accurately the temperatures of begmmng of melt¬ 
ing (solidus) for compositions ranging from pure An to Abi Ani and of 
completion of melting (hqmdus) for the range An-AbsAni Very pure 
natural material, Bakersvillc oligoclase was used to detenmne the pomt 
on the Bohdus corresponding to its compobition Similar matcnal, Ameha 
Coimty albite, served to fix the melting pomt of albite The results of 
this work are summarized below 
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It was also found possible m several instances to detennine the com¬ 
position of the hqtud phase, present at temperatures within the melt¬ 
ing interval, by measuring the refractive mdcx of the quenched glass. 
Thus points on the hquidus were determmed by an mdependent method 
and were found to be in excellent agreement with the results of the 
temperature method 

In the theoretical discussion, equations are developed which express 
the concentrations on the liquidus and sohdus at any temperature m 
terms of the melting Umperaturcs and latent heats of melting of the 
two components The experimented results therefore make possible the 
calculation of the latent heat of melting of anorthite and of albite The 
calculated values are 104.2 calories per gram for anorthite and 48 5 
calories per gram for albite and these values remain practically constant 
for all ranges of composition The calculated latent heat of anorthite 
IS m excellent agreement with the figure found by direct measurement, 
106 calories per gram No direct determinations of the latent heat of 
albite have been made. It is shown that if these values of the latent 
heats are taken and hquidus and solidus curves calculated, the resulting 
curves pass very close to the experimentally determmed temperatures 
(withm the limits of error of the temperature measurements) It is also 
shown that values of the latent heats differing from these by as httle as 
10 per cent will not give a like result This extreme agreement with 
the reqmrements of theory and its beanng on certain theoretical ques¬ 
tions IB discussed 

The geological sigmficance of the complete sohd solution of the feld¬ 
spars 18 considered, as well as the extent to which sonmg may occur 
under favorable conditions and the consequent great range of tempera¬ 
ture thru which plagioolase may ciystalhze ' N L. B 

PETROLOGY —Cfraphtoal methods tn mtcroscojnaU petrography Fred 
EuobnsWsioht Am Jour. Sci (4), 36:509-630. 1013. 

Experience in microscopical petrography has shown that the results 
furnished by graphical means are, as a rule, sufficiently accurate and 
in accord with the quahty of the data of observation Grdtihical 
methods in petrography serve three purposes* (1) to solve certain equa¬ 
tions, (2) to represent data of obs^ation, and (3) to picture certam 
important crystallographical and optical rations In all these cases 
it IB essent i al (a) that the graphical means employed represent the 
rdations adequatdy and as free from distortion as possible, (b) that 
they are easy of appheation, and (e) tiiat wherever posdble the funoi 
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tioRB be plotted in such a form that their chaiiKOB can be represented 
by straight lines Eight plates, drawn on these principles, are me luded, 
and furdish solutions for the following equations 
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PEITROLOGY —A graphical plot for use in the microscopical determi- 
natwn of the plagiodase feldspars Fred Eugene. Wright Am 
Jour Sci (4), 86: 540-542 1913 

On this plot the changes in the optical properties of the plagioclase 
feldspars with chemical composition ore indicated by a sit of curves, 
the purpose being to furnish the petrologist, m convement form and 
on a smgle sheet, all the constants essential for the accurate determina¬ 
tion of the plagioclase feldspars m thin rock sections A new M^t of 
curves for the extmction angles on sections showing symmetrical carls- 
bad-albite twinning is included, the values havmg bten derived graph¬ 
ically from the best available meosureinents on plagioclase feldspars 

PETROLOGY —Oblique lUumiTuUion in petrographic microscope work 
Fred Eugfne Wright Am Jour Sci (4), 86:01-82 1913 

The study of mterfertnee phenomena resulting from obhque illumina¬ 
tion between crossed nicoh enables the observer to determme many 
optical features in a given mineral plate These phenomena oec iden¬ 
tical, so far as interference colors go, with the phenomena obt^med m 
interference figures from the same plate in convergent polariz^ light 
The study of mineral plates by the method of obhque illumination is of 
value because it unpressen the mmd of the observer with the interde¬ 
pendence of optical and crystallographic properties It is, however, 
highly important that the observer realise the essential agreement be¬ 
tween the phenomena observed in obhque illumination and those seen 
on mterference figures in convergent polarised light In the inter¬ 
ference figures the ^terference color phenomena are seen at a glance, 
and if they be studied with reference to the position of the mineral 
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from which they are obtamed all of the oonclufflona to be aacertamed 
by means of the method of obhque lUunimation can also be derived 
with even greater facihty from the mterference figure For the study 
of interference phenomena the method of obhque illumination does not 
offer any special advantages over the convergent polarised hght method 
but it does preseitt certain disadvantages in mampulation and m the 
distinctness of the phenomena observed which cannot be disregarded 
entirely This is especially true if obhque illummation be obtamed by 
use of a stop m the eye circle of the ocular as recently suggested by 
Schneiderhobn 

In this paper the phenomena produced by oblique illumination are 
discussed in some detail Attention is directed to an obvious but im 
portant fact too often disregarded m petrographic microscope work 
that for the accurate measurement of extinction angles central illumina 
tion by parallel plane polarised light is highly essential Satisfactory 
measurements of extinction angles cannot be made when the section is 
illuminated by a strongly convergent cone of hght mcident under all 
angles and m all azimuths FEW 

GFOLOGY —The volcante cvcfei »b Sardinia H S Washincton 
Comptes Kendus Congrds G^ologique International XII Toronto 
1013 

The volcanoes of northwestern Sardima were studied m the autumn 
of 1005 They belong to three distmct periods with interesting lavas 
wl ich show very marked cycles or recurrent successions of characters 
m their eruptions These lavas are now being studied and are to be 
Itscnbed soon along with some forty analyses m a senes of papers 

Taking these volcanoes as a text some broad suljects of modem 
petrology aro discussci I nefly It is pomted out that while no one 
sequence of types is generally apphcable the sequence seems to vary 
with the magmatic character and usually closes with basalts tho any 
generahzations must be rather hazardous owing to the inherently ac 
cidental character of the rook sequences observed by us A change in 
the character of the magma and m the volcamo cycles seems to be con 
nected with a change m the mode of volcamcity the relation being pos 
sibly a causal one but the madequatenessof present data for such studies 
IS pointed out The so called Atlantic and Pacific tnbes of rocks are 
bnefly discussed and objections nused against them it being urged 
among other things that it is illogical and unjustified to select only two 
types for contrast to the exclusion of others equally important In con 
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elusion, the importance of further and more detailed systematic study 
of volcanoes, the need of numerous chemical anatyses, the importance 
of the appboation of ph 3 rBico-cheimcal research to petrological problems, 
and the magmtude and complexity of such future investigations, are 
insisted on H S. W 

GEIOLOGY.— Th» general principks underlying metamorphic procenee^, 
John Johnston and Paul Niqou J Geol. 21: 481-516 1913. 

This paper is an endeavor to set forth the most important general 
{unnciples concerned in rock metamorphism—a general term which in¬ 
cludes a number of special cases all of which, however, difTei only in 
the degree of predominance of one (or more) of a definitely limited 
group of effective factors These factors are temperature, uniform 
pressure, stress (non-umform pressure), and gross composition of the 
system at the time of metamorphism, the same, namely, which determine 
the equilibrium of the relatively simple chemical systems luthorto in¬ 
vestigated experimentally The knowledge gamed from a study, of 
these simple systems may be ubccTas a basis for a prediction of the 
general character and sigmficance of metamorphic processes, tho m 
applying the principles one must always l>car in mind th se circum¬ 
stances which oppose the attainment of a state of true equilibrium, 
such, for example, as slowness of reaction or the formation of metastable 
intermediate products. 

Now, altho the general character of the process may be predicted, 
no particular statement os to the offectb produced m a given system 
by change of any of the above factors can yet be made, owing to lock 
of the requisite quantitative data In this connection, it is to be noted 
that the general appbcation of experimental results which obtam for 
a given system under given external conditions, to another system under 
similar conditions, or even to the same system under widely diffenng con¬ 
ditions, 18 subject to coDbiderablo limitation Conclubions drawn from 
such extrapolation of experimental evidence will commonly be of little 
value, and may be altc^ether misleading, moreover, one may as well guess 
the final icsult as arbitrarily choose the data required in calculating it 
From this we see that the apphcation of the abovo^sunple pnnciples, 
which determine rock metamorphism, to the compheated rock systema 
will be no simple matter, but will require extended experimental mvesti- 
gation and a long time In such mvestigation the first thing necessary 
is a definite conception of the general processes of rock metamorphism; 
this it was the purpose of the authors to present. Hie choice of par- 
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ticular problemfl m this large field will doubtlesa be aided greatly by a 
study of natural mineral associations from the physical chemical stand¬ 
point, a study which at the same tune will certaily provide us with 
information bearing directly on the problems at issue J. J. and P N 

GEXILOGY —Oeology of (he Koyukvk-Chandalar region, AUuka. A G. 
Maddben U. S Geological Survey Bulletm 532 Fji. 116, with 
maps a^d views 1913 

The Koyukuk-Chandalar Region, ai here described, embraces the 
greater part of two oocvtensive basins, situated north of the Arctic 
Circle, from which flow the Koyukuk and Chandalar Rivers, large north¬ 
ern tnbutanes of the Yukon River. Placer gold bearing gravels occur 
along the upper branches of several of the principal tributaries of these 
large rivers, and the exploitation of these deposits since 1890, with a 
total production of about $3,000,000, has given the region its economic 
importance and the distinction of being one of the northernmost gold 
mming distncts m the world. Gold lode deposits also occur about the 
sources of Big Creek in the Chandafkr Valley 

The general geology of these two basins is bimilar The bedrock 
oonbists largely of a complex of highly metamorphosed schistose, prob¬ 
ably pre-Cambnan or early Cambrian, sediments of mica-quarts, quarts- 
itic, and phyllitic types In these schists granitic mtrustives of late 
Cretaceous or early Tertiary age occur, which are m part metamorphosed 
but m part also comparatively unaltered The mineralisation, that 
has been locally induced by some of these mtrusivcs, appears to be 
largely accountable for the gold Across the central part of the region 
extends a belt of more or lesb metamorphosed sediments, largely made 
up of cherts and fine-grained quartsites, considered to be of Devoman 
age The northern mountainous belt of the region is largely occupied 
by a thick senes of massive, probably Carboniferous, crystalline lime¬ 
stones in which ore some thinner beds t>f semi-echistose sediments In 
the southwestern part of the region the central Koyukuk Valley is 
occupieil by Cretaceous sediments, largely manne and unmetamor- 
phosed, but considerably folded and somewhat faulted. Only one small 
isolated area of Certiary sedunents is known. It is on upper Dali 
River and contains at least one bed of ligmte There are abb some 
horuontal basaltic and andesitic flows m Vie southern part of the dis- 
tnet which are probably of late Tertiary or early Quartenuuy age. 

The mountainous northern half of the region has been heavily glaci¬ 
ated The headwater valleys, both of the Chandalar and Koyukuk 
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basins, owe tbeir present bed rook configuration to the erosion effected 
by long valley glacier ice streams that had their sources on the Arctic 
divide and flowed southward Upon the retreat of these valley glaciers, 
which have now entirely disappeared from this part of the Arctic 
Mountains, widespread deposits of glacial outwosh gi^vels, sands, and 
silts were left along the large valley The present huge streams have 
dissected and aggraded their flood plains but large quantities of the 
older gravels still remain as wide sloping terraces. In many cases the 
gold-beanng gravels represent old pre-glacial stream gravels Those 
deposits are now buried under silts and recent stream gravels and are 
mined by shafts and drifts. But most of the gold production has been 
from shallow deposits of gravel along the present streams A G. M 

GEX)LOQY.—Ore deponta of the Hdena mmtng region, Montana 
Adolph Knopf Bulletin U S Geological Survey No 527 Pp 
143, with maps, sections, and illustrations 1013 
The Helena mming region is an ^a of 1300 square miles in south¬ 
western Montana. The oldest rocks consist prmcipally of sediments 
ranging m age from Algonkian to Cretaceous They include mainly 
limestone, shale, and quartzite and he m angular accordance from the 
lowermost member to the top of the senes They are conformably 
overlain by andesite and latite lavas and breccias of probable late ('re- 
taceous age. These older rocks were mvaded by a large granite mass 
which forms the northern extension of a great intrusion m southwrstem 
Montana, known as the Boulder bathohth Large mtrusions of aplite 
in irregular mannen and dikes followed the mam irruption They are 
commonly tourmaliniferous, and m places, notably so In late Miocene 
tune, a series of daates, consisting of lavas, tuffs and breccias, loeally 
at least 2400 feet thick, were extravasated upon the deeply eroded sur¬ 
face of the granite and older rocks 
The ore deposits of the region fall into two distinct groups, widely 
separated in time of origin The older are late Cretaceous or early 
Tertiary in age, the younger are post-Miocene The ore bodies of the 
first period of mineralization are mainly argentiferous lead and gold- 
rilver deposits. They have furnished the greater part of the production 
of the region; in fact, the value of their output has been roughly three 
times that of the post-Miocene deposits. The argentiferous lead de¬ 
posits constitute the prevailing type of ore body of the older group 
They We situated as a rule near the contact of the gramte and the rocks 
mvaded by it, are replacement-flasure lodes cont a i nin g galena, sphal- 
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onto pynte and arsenopyrite They ore commonly tourmalimferous 
In certain deposits as at Rimini tonrmalme is extremely abundant 
m fact it occurs there m the same abundance that characterises the 
tin lodes of Cornwall Three types of tounnaluuo lodes with trana- 
tions between them arc recognized—lead silver copper silver and gold 
The predominant is the tourmahmo lead silver a type peculiar to the 
region so far as shown by the literature of ore deposits The ores were 
formed at high temperatures and it is regarded as probable that the 
ore forming solutions were a final differentiation product of the gramtic 
magma 

The ore bodies of post Miocene age arc essentially precious metal 
deposits 1 hey art characterized by the tendency of the quartz gangue 
to display a oryptocrystalline development either flmty chalcedonic 
or densely a*iccharoidaI resembling porcelam Equally characteristic 
is the thinly lamellar eaicitc of the gangue and its pseudomorphic re 
placement by quartz forming a type of ore common m so many of the 
late lertiary gold fields of the We^m States In common with these 
the tenor of the ores decreases abruptly below the 5t)C foot level These 
deposits are typically developed m the upper Miocene daeites of Low 
land Creek but their analogues at Marysville have furnished the bulk 
of the output A K 

PALAEONTOLOGY —Cambnan Uolotkunans Austin H Claba 
Amcncan Natumlist 47 488*^607 August 1913 

Among the rt^markable organisms described from the Cambnan of 
British Columbia dunng the past year by Dr Waleott were a number 
which he referre 1 to the Holothuroidea the most extraordinary of 
these bemg a pelagic animal called by him Eldonta ludwigi As the cor 
rectness of the eh termination of these creatures as holothunans was 
questioned in a review by Dr Hubert L>man Clark the present author 
was ltd to reply to his cnticism for the reason thit as stated m Dr 
Walcott s original paper it had been he who first suggented the possi 
bihty that El hnm might be a holothunan tbo he had not at the time 
c xomin d tht other specimens 

Dr Walcott Dr Hubert Lyman Clark and the present author all 
made mdopendent mvi stigatjons upon the mateinal in question and 
the last mentioned was led to the following conclusions Eldmia is a 
free swimming holothunan and is most closely related to the species 
of the family Elpidlidae In body fonn alone does Eldmia resemble a 
medusa this general resemblance may therefore be safely disregarded 
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as a paralleliam resulting from a similar prlagir habit In the gonoral 
diape of the body as well as in the course of the digestive tube Eldonta 
^proaches Trodmpkaera (and trochophore larvae), but the enormous 
discrepancy in sise, the broad fringe about the Ixxly, the large tentacles 
on either side of the mouth, the absence of muscles of the group type 
characteristic of the rotifiers, and the submarginal anus, seem to nega¬ 
tive the idea that the two can be in any way related The medusoid 
body form, the absence of a protrusible proboseis and the presence of 
a large branched tentacle on either side of the mouth appear to offer 
conclusive evidence that Eldonta cannot be a worm The digestive tube 
of Eldonta resembles that of the heteroradiate echmoderms, and espe¬ 
cially that of certam holothunans, the tentacles on either side of the 
mouth suggest an affinity with the holothunans, the radial canals 
lending to a central nng are comparable to the railial canals and the 
central nng of the holothunans, the broad circular muscle about the 
body suggests a modi&ed longitudinal holothunan muscle, and is of 
the group type characteristic of the echinoderms, the broad bnm about 
the body is stnkmgly similar to the bnm developed m certam elpidiid 
holothunans, such as Euphronidea tannen and Seytoplanet typicus A 
pielagie holothunan is known as an inhabitant of the recent seas, tho 
very different m origin and in affinities from Eldonta it demonstrates 
that a pelagic habit is not impossible m the group The species of the 
family Elpidudae are preeminently inbabitants of the deep sea, this 
suggests that the fossil representatives of the family should be found in 
very euly geological formations Therefon' Eldonta is a pelagic holo- 
thurian, related to the species of the family Elpidudae 

No marine anima ls are known outside of the holothunan family El- 
pidiidae which have a Ixxly form hke that of Loutadla pedunetdata in 
all its details, but this species agrees m every particular with one or 
other of the species in that family We cannot, therefore, escape the 
conclusion that LoutseUa pedunctUttia should find a place in the family 
Elpidudae along with all the recent animals which m any way restmiblc 
it 

By exactly the same reasonmg Lagyanta cambria is asfflgncd to a 
position in the same group 

The typo specunen of MacUnaa cotialta shows a pleated structure 
which can only be inter|M%ted as due to longitudinal mesentenes, prob¬ 
ably eig ht m number; there appear to have been sucteen processes 
around the mouth which probably indicate tentacles retracted before 
preservation; the distal portion of the body resembles closely the distal 
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portion of the body m th6 genus Edwardata Thus, as Mt^pketmo eoa- 
UUt» presents characters not found outside of the Zoantiiaria, and ih 
that group peculiar to the family Edwardididae, it seems nraessaty 
to assign it to a position m the family Edvardsiidae, near the genus 
Edwardata 

In brief the diqxisition of these fossils is as follows 
Holothuroidoa 

FamilyClpidiidae 
Genus Lagganta 
Genus LoutwUa 

Family Eldomidae (near the Elpidiidae) 

Genus Bldonta 
Zoanthana 

Family Edwardsudae 
Genus Mackenata 

A. H. C. 


BOTANY — Feromella, genre nouveau de latntiu dee Citreae,/ondd sur le 
F oblata, eapice nouvelle de VIndo-Cktne. Wautbb T SwingIiB. 
BuU de la Soc bot de France, 08 : 774-783 Fig A, PI 18 No 
8 , stances novembre-ddeembre, 1912. Pub. Feb. 18, 1913. 

To the eight known species of hard-ehelled citrous fruits, comprising 
four genera, is added a ninth species, Ferontelia Mala, from Cochin- 
chma, the type of a new genus Feromella This genus resembles Fe- 
roma m having pinnate leaves, large flowers and one-celled fruits due 
to the fusing of the 5 to 6 ovary cells, and differs firom it m having 
twice the number of stamens (four tunes as many as the number of 
petds), filaments with hairy basal appendages, smooth seeds, and the 
epicarp composed of radially dispMed pnamatic elements Appen¬ 
dices to the filaments are not known m any other plant hitherto studied 
of the tribe Ctlreae The ham of the appendices become entan^ed 
and form a sort of cup, protecting the of the ovary from insects 
too small to effect pollination The si^cture of the epioarp 8f the 
fruit also differs ig its radially disposed woody structure from that of 
the other genera of this tribe 

The type of the genus, Feromella Mata, takes its specific name frmn 
the shape of the fruit which is a flattened spheroid like a mandarin 
orange A cross section of the fruit is figured and an SKcellent plate 
shows a twig with leaves and floweta, giving the flower structure in 
detail. This tree, which attains a heif^t of 8 to 20 meters, is found 
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tbruout Cambodia and also oocurs m Cochinchina, central and 
eaatem Siam. 

Feronia Ivada SohefF. is transferred to this genus, becoming Ferom- 
eUa lucida (Soheff.) Swingle. Maudb Kullubman. 

ZOOLOGY -^Beviaion of the cnntnd genus Htmerometra Austin Ho- 
BABT Clark. Proceedings of the U S National Museum, 46 : 
279-289 1913. • 

This paper mcludcs a history of the genus, a list of all the references 
to the included species, correctly identified, a key to the species, a list 
of the BIX qiecies with the sjrnonsony, range and depth of each, and 
a discussion of the phylogenetical mtcirelationships withm the group 
This genus differs from the more closely related genera in having the 
proxinial or lower pinnules very much enlarged, with the first the longest 
and the following decreasmg in sise. There are three specific groups 
within the genus of two species each, distinguished by different stages 
m the specialisation of the lower pinnules In the first, least special¬ 
ised, group these pinnules are scarcely stouter than in the allied genera, 
but they are long and flagellate, the first being the longest This group 
ranges from the East Indies to the Persian Gulf In the second group 
the lower pinnules are very stout, but they possess a flagellate tip. This 
group ranges from the East Indies to the Maldive Islands In the 
third, most specialised, group the lower pinnules are extremdy stout, 
and end abruptly without a flagellate tip This group occurs from the 
Moluccas and the Philippmo Islands to the Mergui Archipelago. In 
all of the three groups the more speciabzed of the two species occurs 
m the Malay Archipelago A H C 

« 

I 

TECHNOLOGY —The metnc carat Bureau of Standards Circular 
No. 43. 

After July 1,1913, the metric carat of 200 mgms is recog^sed as the 
standard of weight for'diamonds and other precious stones and this 
standard will be used in the certifii^tion of all carat weights submitted 
to the Bureau after that date The IVeasury Department also adopted 
this standaid on the same date for use m the customs service in levymg 
tile duUeq on gems. The change from the former uncertain and m- 
de finlt e carat weight, usually equal to about 206.8 mgms., to the defi¬ 
nite Mid Impler metric carat was facilitated in the Umted States by the 
jmnt action of all the large dealers in diamonds, pearls and other pre- 
* oious stones, who, realising the chaotic condition due to the various 
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weights used as a carat, after recommendation by the International 
Bureau of Weights and Measures and the Bureau of Standards decided 
upon the metric carat as the solution of the difficulty and decided to 
put its use mto effect on the same date. Until recently nearly every 
civilized country of the world has used a different standard of weight 
for diamonds. Many of the nations, however, have lately adopted the 
one unit of a carat of 200 mgms, and Spain, Italy, Bulgaria, Denmark, 
Norway, Japan, Portugal, Boumoia, Switzerland, Sweden, France, Ger¬ 
many, Holland and Belgium are in the list with the United States of 
those countries schich now have the new mternational standard In 
England the change has not yet been adopted 
The circular gives oompleti* tables by which weights m the old carats 
can be determined in terms of the new umt and vice versa, and also 
calls attention to the need of more accurate weighing of precious stones 
because of their great value and especially of greater care of the bal¬ 
ances and weights used for the purpose R Y Fernbr 
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THE PHILOSOPHICAL SOCIETY OF WASHINGTON 

'fhe 726th meeting was held on May 24,1013, at the Cosmos Club, 
Vice-^Bident Bowie m the chair; 33 persons present 

Mr. C G. AJbor presented a paper on RuuUs cf meaaunmenta qf 
solar radiation The cssentud features of this paper are presented in the 
article on The vartaiuma of the tun by Abbot, Towns and AnoBiCH pub¬ 
lished in this Journal, 3 300-315 1013. Messrs. Humfhbetb, Paul and 
Hersbt discussed the paper. 

Mr. A. W. Gbat then spoke on The control of temperature tn an dec- 
tnc furnace After a brief review of previous eiqienments to secure un^ 
formity of temperature in an electrically heated av column by using the 
central portion of a sufficiently long tube and by crowding the winmngs 
near places where heat was lost most rapidly, the speaker described a 
development of the electric furnace Tile mdependently heated end 

S lugs of the earlier pattern were retained, two concentno cylindrical 
eaters of nichrome nbbon, wound lonritudinaUy and separated by air 
and asbestos, supphed heat uniformly tor entire length of the mterior 
The new winding distributes any irregularities m resistance m such a 
way as not to affect the longitudinal distribution of temperature, is non- 
induotive, limits difference of potential between adjacent winamgs to 
drop occurring in a length of nbbon twice as long as furnace, limits to 
this length the amount of nbbon that can be accidentally short^ircuited, 
and bnngs out both terminals of a heater at same end of furnace and 
diametncally opposite Lantern sbdes were presented showing results 
under vanous conditions A further improvement consisted in moving 
heatmg coils of plugs to extreme ends of fumaoe, making it easy to 
secure uniformity of temperature withm a few tenths of a degree over 
at least twice the length of the furnace. The paper was discussed by Mr. 
White as to point of highest temperature and mechanical details. At 
10.00 p.m. the meeting a^oumed. 

The 727th meeting was held on Octoto 11,1918, at the Cosmos Club, 
'Vice-President Bowie in the chair, 41 persons present. 

Mr. L. J. Brioos presented a paper giving the results d an mvestiga- 
tion by himself and Im. H. L Shants cm The teaterrequiremenie ofvlante. 
The governing conditions determining the absmption of water by the 
roots of plants, ^ translocation thru the stems, and Ha find evaporation 
from the leaves were first discussed. Attttitioin was directed to peotUlar 
structural modificalbns found In obtain plwts, addeh are apparently 
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for the purpose of reduoing the loss of water In view of these nhanB«a, 
wide vanatiODfl as rerards efficiency in use of water by different plants 
might be expected Ibe authors found this to be the case The ftmonnt. 
of water trimsferred u very great compared with tho dry matter pro¬ 
duced In the experiments direct evaporation from the soil was pre¬ 
vented by the use of perforated covers, the openings a^ut the stems of 
the plants being seal^ with wax Six pots were used for each variety, 
to i»ovide a bams for calculating the probable errors of the water require¬ 
ment ratios * The water requuement is profoundly modified by Ter¬ 
ences m obmatio environment The average for 25 varieties grown at 
Akron, Colorado, m 1912 was only 79*2pcr cent of that of the same van- 
eties m 1911, while tho evaporation m 1912 was 78 ^ 2 per cent of that 
m 1911 Paper was illustrated by photographs and lantern sliT 
Upon Request of the chair Mr Shantz ma^ some additional remarks 
concenung the mvestigation Botanists were mterested m this question 
as early as 1699 The paper was discussed by Messrs Bowif Cubtib, 
COBLBNTZ Huhfhbbyb, And Wbnnbr 

Mr M D Hsrbbt then gave a bndT review of the Btrmtnjrhainmeefinff 
of the Bnltsh AaaocuUton In the hingmeenng Section great interest was 
wown in the discussion of complex stress distribution and failures and in 
report on elecbrical umts and nomenclature In the Physical and Mathe¬ 
matical Section the papers dealt chiefly with modem theories of radia¬ 
tion Reference was made to the Presidential and Vicc-Presidential 
addresses and the relatively meater importance attached to the social 
and general features than with the American Association 

Upon the suggestion of Mr Hersey, the chair mvited Mr W F G 
Swann to give informally bnef abstracts of his papers before the Bir¬ 
mingham meeting on The dedncal renatance of thtn tneiaUtefilmi and on 
The expreaaun for the eUctneal condxtctmty of a metal The first give a 
theory to explT the abnormally high apparent specific resistance of a 
very thin film, while the second called attention to the fact that Dnide s 
expression requires a correction m coefficient in denominator from 4 to I 
At 10 p m the meeting cidjoumed 

The 728th meeting was held on October 26,1913, at the Cosmos Club, 
Vice-President Bowie in the chair, 30 persons present 

Mr J H Dbllinoeb presented a paper on The meaeurement of high 
frequency currents Three effects made use of in such measurements are 
eleotro-dynanuc, electro-static, and thermal The last is most success¬ 
fully and generally used and four methods mvolvmg this effect wore dis¬ 
cussed The different appliances, expenmental apparatus, and standard 
instruments were briefly described The theoretical considerations and 
fonnulae were discussed The conclusions drawn were that circuit of 
atninatflf must be Simple, the stramht wire uf instrument is superior, 

and that errors may be elimmatedny use of nigh resistance The paper 
was by Messrs OLSBAtrssN and Rosa 

Mr F W Waun then presented by mvitation a paper entitled 
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Interpreting irregniar data The manifestatioiu of nature are of utmost 
uregulanty of all scienrea that of agnculture is richest in data but 
poorest in rorrelation 1 he most generally used method for discussion is 
that of averages but m biological and other fields this method is of little 
value The author has been quite successful in the apphcation of the 
mtegral of the probabihty curve to data of this character Lantern 
slides were shown to illustrate such application to data for turbidity of 
Washington water before and after operation of filtration plant and to 
data showing number of leucocytes m morning and evening milk The 
p iper was discussed by Messrs Hbrsky and Swann 

Upon invitation of the chair Mr C E Sr John of the Mt Wilson 
Sol ir Observatory gave an informal report upon the social and scientific 
featims of the recent conference of the Solar Umon at Bonn He ab¬ 
stracted briefly each day s proceedings Reports were given by vanous 
committees on solar radiation standard wave lengths solar atmosphere 
solar rotation sun spots and eclipses and magnetic state of the ^un 
Ihe speaker referred particularly to the favorable reception accorded 
the work of Abbott and to the fact that the American contingent oft 
workers is bearing its fair share in the development of solar research 
1 he chair expressed the thanks of the Society to Mr St John for the 
report At 10 00 p m the mee ting adjourned 

J A huiMiNO Seerekary 

THE GEOLOGICAL SOCIETY OF WASHINGTON 

The 270th meeting of the Society was held m the Cosmos Club on 
April 21 lOH 

An informal commumc ition was presented by B S Butler on Baate 
feme iulfcUei in Utah 

REGULAR PROGRAM 

A remarkable skeleton of Stegosaurw (illustrated) C W Gilmore 
1 he type specimen of stegosaurus stenops recently prepared and placed 
on exhibition in the U S National Museum constitutes the most per¬ 
fect skeleton of this remarkable dinosaur ever found It is also unique 
in being the first specimen to give positive evidence as to the position 
and arrangement of the large dermal plates with which in life its back 
was adorned The position of the vanous parts of the skeleton as ex- 
plammg the manner of death and entombment of this particular speci¬ 
men wore discussed 

The facts relating to the dermal armor which now appear to be es- 
tabhshed from this preliminary study are (1) That the armor of the 
neck back and tail was formed by two rows of erect plates the ele¬ 
ments of one row alternating with those of the other (2) that the total 
number of plates m the two rows was not less than 20 and not more 
than 22 (3) that the position of the largest plate of the senes appears 
to be above the base of the tail and not over the pelvis (4) that the 
usual number of dermal spines on the tail is four arranged m two pairs 
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A mtcroaeopc «iudy 0/ «u{/We area of copper (illustratod) L C 
Gbaton. This paper is presented m full m the Bv-monthly BvUetm of 
the American InkittUe of Mining Engtneera 1013. 

The 271rt meeting of the Society waa held in the Cosmos Club on 
May 14,1913. 

Reconnataaance of the Lower Fraaer River, B C N L Bowen The 
speaker examined the region bordering on the Fraaer Kiver from Lyt- 
ton to Vancouver, British Columbia, dunng the bummer ot 1012, for the 
Geological Survey of Canada The section crosbes the Coobt-Casc^ 
uplift The old^ rocks are highly disturbed argillites and quartzites 
with thin beds of limestone and associated volcanic rocks which ore 
correlated on hthologic grounds with the C'ache Creek group of Penn¬ 
sylvanian age. With these are infolded a senes of banded gray argil- 
liteb which have yielded a single Mesozoic fossil and which are consid¬ 
ered probably Jurassic These lattei have formeily been desenbed by 
G M. Dawson und(>r the name Boston Bar grou)) and tho he considered 
them probably Palaeozoic, the name is rctamed Both of these eorher 
senes stnke, as a rule, northwestward and commonly have high dips 
They have been mvaded by Upper Jurassic granites which are generally 
somewhat sheared and in places have become typical gneibb On the 
western flank of the Coast Range, near Agassiz and Chilliwack, occurs 
a sedimentary senes which is probably ^so Jurassic, tho much less 
metamorpho^ than its supposed eastern eqmvalent (Boston Bar group) 
The beds have yielded only mdefimte Mesozoic fossils The chief rock 
types are oonglonwrato, argillite, usually black, and limestone with a 
possible basal member of quartz imrphyry Tho stnkes oio north¬ 
eastward, a rather unusual stnke m the Cordillcia 

Lower Cretaceous rocks, charoctenzed by a moderate degree of dis¬ 
turbance, occupy a down-faulted belt running roughly parallel to the 
valleys of leaser and Anderson rivers The structure within the belt 
IS synohnal The rocks are dominantly clastic, arkosc, argillite, and 
conglomerate walmig up the group, locally termed the Jackaw Moun¬ 
tain group Later batholithic rocks, provably Upper Cretaceous, 
occupy a wide belt near Hope and Agassiz They differ from the Ju¬ 
rassic granites in being fresh and unshearec^ and the dominant t 3 q)es 
are granodionte, quartz dionte, and dionte with a later alkahne gramte 
probably separated from the other tyws by a considerable time interval 
Tie Jurassic and the Cretaceous bathohths make up the Coast Batho- 
hth The Eocene beds of the Puget group occurring m the lower courses 
of the Fraser are clearly younger than all the rocks heretofore men¬ 
tioned including the later bathohths They are shghtly disturbed and 
consist, on the whole, of little indurated beds of sandstone, conglomerate, 
and shale, presumably of estuarine character. The whole region with 
the exception of the mgher peeJes was covered with the Cordilleran ice 
sheet. 

Some apecial featurea of the glocmiton 0 / the CataktU Mountatna H 
E Mbbwin. Many of the rounded peaks of the Catskills reach heights 
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of nearly 4000 feet above the eea and above the Hudamt-Mbhawk low¬ 
land east and north. Glaoial striae have been found on the tops of 
some of these peaks, but the peak farthest south, Slide Mountain, al¬ 
titude 4200, is covered with loose residual gravel. The Catridlls are 
unique in having several long deep valleys tiding across the path of 
the main ice movement. These head m &e bold escarpment above the 
Hudson valley, and dram westward. From their heads passes open 
about 2000 feet above the (Hudson valley During the period of ice 
retreat tonnes of ice from the lobe m the Hudson valley flowed thru 
the passes down the valleys produomg deposits which simulate accumu¬ 
lations from local glaciers. In hollows between spurs on the north sides 
of some of the pea^ masses of ice entering from the north seem to have 
bt'en cut off. Against these stagnant masses, yearly advances of the 
mam loe tongues made deposits which are now bamers between the 
spurs 

The present alMude of German geographers toward W M. Davis’ 
explanatory description of land forms f^tANgois E Matthkb. (No 
abstract) 

RAt.PHW Richabds, Secretory. 


ANNOUNC^EMENT OF MEETINGS 
C'HEMICAL SOCIETY OF WASHINGTON 

(Loral Heetton Ainerioaa Chemical Society) 

The 233d meeting will be a special meeting to be held at the Cosmos 
Club at 8 15 p m .Monday, December22 Inrofessor EablB Phblfs, 
of the Hygienic Laboratory will lecture on “Recent Advances m Sewage 
Chemistry ” 

Robebt B. Sobman, Secretary. 




ERRATA 

Page 39, table, eolumna 1 and 3, for "oamplior’* read “thymol*’; for “thymol” 
read "oamphor", column 4, for “23** read “77”, column S omit “77” and the 
laat “100”; column 6, below “W” inaert»“28” and “100” « 

Page 949, second luo from top read 

“F H TxranB” inatead of “F H Tunta ” 
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